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FOREWORD 


\ As  a result  of  the  fire  initiated  accident  on  C-5  S/N  68-0227 

at  Clinton,  Oklahoma,  in  September  1974,  Military  Airlift  Command  (MAC) 
requested  that  Air  Force  Logistics  Command  (AFLC)  host  an  Air  Force 

j study  group  to  investigate  the  potential  of  hydraulic  fire  on  the  C-5. 

; The  study  was  to  cover  the  complete  aircraft  and  all  possible  Ignition 

sources,  with  ignition  resulting  either  from  normal  operating  temperatures 
or  from  malfunction  of  components.  The  scope  was  later  expanded  to  include 
consideration  of  all  possible  combustibles. 

j The  study  group  convened  for  its  first  meeting  at  San  Antonio  ALC 

in  December  1974,  with  representatives  from  MAC,  Aeronautical  Systems 

j Division  (ASD),  Lockheed  Georgia  Company,  and  San  Antonio  ALC. 

j 

j Objectives  and  methods  were  discussed.  Specific  research  requirements 

I were  determined  and  assigned.  Following  completion  of  the  background 

| 

| research,  the  group  reconvened  at  San  Antonio  ALC  January  1975  to 

l 

i identify  potential  hazards  and  accomplish  an  onboard  examination  of 

ft 

1 each  hazard  location. 
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ABSTRACT 


This  report  was  prepared  as  a result  of  a W\C  request  for  an 
Investigation  of  C-5  hydraulic  systems  and  potential  Ignition  sources. 

The  study  was  expanded  to  Include  other  combustibles  In  addition  to 
hydraulic  fluid.  The  report  provides  description  of  the  types  of 
combustibles  and  Ignition  sources  considered  and  the  characteristics 
n.  essary  for  ignition.  Sections  of  the  report  describe  the  areas  examined; 
the  areas  presently  covered  by  protection  systems  and  to  be  covered  by  the 
Fire  Suppression  System;  and  the  specific  fire/explosion  hazards  Identified. 
None  of  the  hazards  Identified  require  restriction  of  flight  operations 
pending  correction.  Two  hazards  were  Identified  which  are  of  sufficient 
flro/explosion  potential  that  corrective  actions  should  be  expedited; 
and  24  other  hazards  for  which  corrective  actions  are  recommended.  Most 
of  the  hazards  are  not  unique  to  the  C-5. 


| 
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IMfcdb'.'CTION 

1.  OLJtCTIVL 

The  objective,  c b t a 1 1 i 3 1 . <J  fur  the  study  group  i as  to  Identify  potentia 
fire  luzardi  in  the  C-b.  A potential  fire  hazard  may  be  identified  as 

any  an  a containii.e  both  an  ignition  source  and  a combustible  material . 

The  C-b,  as  any  aircraft,  contains  the  combustibles  (such  as  hydraulic 

fluid  and  JP-4)  and  Ignition  sources  (such  as  clcctrical/elrctronlc 
components  » rid  v. i r i nr, ; hot  surfaces;  hydraulic  motors,  actuators,  and 
highspeed  rotatin';  coi  i ononis)  necessary  for  fire  initiation,  i.e., 
potential  fire  hazards.  I.owver,  in  r.any  cases,  the  potential 
ignition  snurr.-r  are  so  veil  gr.drcted  (e.g. , explosion  proof  rioters, 
circuit  break*  rs),  and  tu  possibility  of  a combustible  in  the  right 

conditions  is  so  remote  that  the  likelihood  of  both,  events  occurring 
concur t < nt ly  is  consider: d minimal.  Therefore,  the  objective  for  the 
stuoy  v.as  furt'a  i de fined  as  Identification  of  those  areas  where  Lot!’,  t'< 
combustible  and  the  potential  ignition  source  are  located,  where  cr.c  cr 
both  of  the  necessary  events  (available  combustible,  ignition  temperature) 
arc  Inn.,'-,  tu  h'vo  occur  red  or  ere  considered  probable,  and,  thus,  wh  i 
there  is  a greater  litel ihond  of  fire  over  the  lifetime  of  the  C-5  ain.;.ff 
Greatest' emphasis  wis  placed  on  identifying  tnose  hazards  that  could 
initiate  a fire  where  the  pro!, ability  of  detection  would  be  negligible. 

11.  ASbUr.f-l  ici.i!. 

The  study  is  based  on  the  following  assumptions: 
a.  That  hydraulic  nr  dh-4  lines  will  leal:  or  rupture,  t.c.,  that 
these  f r Is  will  I*  : res,  t.t  at  suwe  tire  in  any  area  where  the  line'  s- 
routed. 
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b.  That  shorting,  arcing  and  overheating  will  occur  at  some  time 
in  any  electrical  wiring. 

C.  That  the  Fire  Suppression  System  (FSS),  as  presently  configured, 

*» 

will  be  Installed.  However,  all  potential  hazard  areas  were  evaluated 
as  to  seriousness  both  prior  to  Installation  of  FSS  and  with  the  system 
Installed. 

III.  METHOD 

The  method  used  for  the  study  involved  four  steps: 

a.  Identify  the  potential  combustible  materials  and  types  of 
ignition  sources  and  define  the  characteristics  necessary  for  Ignition. 

b.  Identify  the  specific  areas  In  which  both  combustibles  and 
potential  ignition  sources  arc  located. 

c.  Examine  these  areas  and  evaluate  specific  components  to  verify 
the  existence  of  an  Ignition  source  and  the  presence  of  a combustible  which 
could  come  In  contact  with  that  source.  Analyze  these  areas  considering 
the  presence/absence  of  fire/overheat  detection  and  suppression. 

d.  For  those  hazard  areas  Identified,  determine  the  action  necessary 
to  reduce  or  eliminate  the  hazard.  This  may  be  a procedural  requirement 
or  a modification. 

This  report  provides  a general  discussion  of  the  areas  considered  and 
the  hazards  Identified.  Details  of  each  item,  component,  and  area 
examined,  and  complete  analysis  of  its  hazard  potential  may  be  found  in 
the  Operational  Fire  Hazard  Worksheets,  Appendix  E. 
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DISCUSSION 


I.  DEFINITION  OF  FIFE  HAZAI'D 

In  order  to  Identify  the  fire  hazards  iri  the  aircraft.  It  was  first 
necessary  to  define  the  elements  and  conditions  required  for  fire 
Initiation.  Three  elements  are  necessary:  a combustible,  an  oxidizer, 
and  an  ignition  source.  A complete  discussion  of  combustibles  and  ignition 
sources,  their  characteristics,  and  the  conditions  necessary  for  ignition 
is  provided  in  Appendix  A.  A brief  summary  is  provided  here: 

a.  Combustibles  - Among  the  potentially  combustible  materials  on  the 
C-5  are  JP-4,  hydraulic  flui'1,  nonnetallic  materials  (insulation,  fabric, 
panels,  etc),  and  combustible  cargo,  however,  investigation  of  the 
nonnetallic  mat*- rials  revealed  them  to  be  flame  resistant,  self  extinguish- 
ing or  slow  burning  and,  therefore,  of  minor  concern  as  combustibles,  or 
fuels,  for  a fire.  Additional  information  on  C-5  materials  and  their  fir" 
resistant  characteristics  may  be  found  in  Apncndix  B,  Momnetallic  Materials 
Appendix  C,  bleed  Air  Duct  Test;  and  Appendix  T,  C-5  Wiring.  The  most 
common  combustibles  on  aircraft  ore  JP-4  ar.u  hydraulic  fluid.  These,  al'-'-.o 
with  combustible  cargo,  will  be  the  primary  combustibles  considered  in 
this  study. 

b.  Oxidizer  - Oxygen,  either  from:  the  air  or  from  the  aircraft  oxygen 
system,  provides  the  oxidizing  agent. 

c.  Ignition  sources  - These  can  be  electrical  arc,  sparks,  high 
temperatures,  etc. 
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f It  should  be  emphasized  that  just  the  presence  of  the  three  elements 

| does  not  constitute  a fire.  Combustion  is  dependent  on  several  factors. 

For  example,  when  considering  such  materials  as  JP-4  and  hydraulic  fluid, 
these  factors  include  the  ignition  energy,  the  temperature  of  the 

combustible  and  the  air,  and  the  combustible  - air  mixture  (l.e.,  vapor 

*'  • 

* ratio).  The  specific  range  in  which  each  of  these  physical  properties 

' exists  detennines  Its  contribution  to  the  ignition  sequence.  These 

i 

factors  were  considered  In  evaluating  the  fire  potential  of  each  area, 

! 

: II  HAZARD  IDENTIFICATION 

The  process  of  identifying  the  C-5  hazards  involved  determining  the 
specific  areas  to  be  Investigated,  examining  those  areas  for  likelihood  of 
ignition,  and  evaluating  the  protection  available  or  to  be  provided. 

Availability  of  protection  was  not  grounds  for  ignoring  a potential 

hazard.  Cut,  If  a hazard  was  considered  to  exist,  protection  was  a i | 

factor  in  evaluating  the  seriousness  of  the  hazard. 

A.  Areas  considered: 

Considering  the  elements  necessary  for  fire,  the  study  group  compiled 
a list  of  items  that  are  considered  potential  sources  of  ignition  and  are 
located  near  a combustible  material.  The  list  Included  any  electrical/ 
electronic  component,  hot  surface,  hydraulic  motor,  actuator  or  high- 
speed rotating  component  that  could  orovlde  a source  for  ignition.  Each 
Item  was  evaluated  and  Inspected  on  the  aircraft  to  determine  the  physical 
relationship  of  the  combustible  and  Ignition  source,  and  the  likelihood  of 
a fire  occurring.  The  areas  of  the  aircraft  Investigated  included 
pressurized  and  unpressurized  compartments  of  the  fuselage,  wings,  and 
empennage.  Worksheets  Identifying  each  ccmponent/area  examined,  describing 
the  hazards  identified,  and  specifying  recommendations  for  correction  of  the 
hazards  are  provided  In  Appendix  E. 
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8.  Present  Aircraft  Fire  Protection  Systems 

Detection  systems  ere  presently  Installed  In  the  engine  and  APU 
compartments.  The  system  will  dotect  fires  and  overheat  In  the  engine 
pylon  and  fires  In  the  APU  compartments.  The  C-5  has  three  complete 
extinguishing  systems,  one  for  the  two  left  engines,  one  for  the  two 
right  engines,  and  one  for  the  two  auxiliary  power  units.  Each  engine 
system  consists  of  two  containers,  charged  with  dlbromodifluoromethane  (DB) 
and  pressurized  with  nitrogen,  located  in  Inboard  pylons.  The  system 
provides  the  capability  for  one  discharge  to  each  nacelle  or  for  both 
discharges  to  one  nacelle.  Each  container  Is  charged  with  7.5  pounds  of 
agent.  This  quantity  of  agent  Is  considered  sufficient  to  extinguish  f es 
In  the  < ''.gliie  compartment.  Statham  analyzer  tests  have  confirmed  adequate 
agent  concentration,  distribution  and  duration. 

The  APU  compartments  are  protected  by 'a  High  Rate  of  Discharge  (HP.D) 
type  fire  extinguishing  system.  The  system  consists  of  two  containers, 
each  charged  with  4.5  pounds  of  dlbromodifluoromethane.  The  system 
provides  the  capability  for  one  container  to  discharge  to  each  compartment 
or  for  both  containers  to  discharge  to  either  compartment.  Statham 
analyzer  test  on  the  APU/ATM  Installation  verified  adequate  concentra- 
tion, distribution  and  duration. 

Detection  systems  are  used  to  monitor  bleed  air  ducts  throughout  the 
aircraft.  The  wing  detection  system  consists  of  continuous  type  heat 
sensing  loops  which  detect  excessive  temperature  In  the  vicinity  of  the 
bleed  air  duct  couplings  In  the  right  and  left  wing  leading  edges,  pylons, 
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al r conditioning  compartment  and  under  the  floor  on  the  heat  ducting. 

When  the  system  alarms,  an  automatic  shutdown  of  that  portion  of  the  bleed 
air  system  Is  Initiated.  This  involves  closing  valves  to  stop  flow  in  that 
portion  of  the  system  where  a leak  was  detected  and  illuminating  the 
overheat  warning  lights  on  the  flight  engineer's  panel. 

In  the  occupied  areas  It  is  expected  that  fire  normally  will  be 
detected  by  personnel  in  the  aircraft.  Smoke  or  odors  from  fires  will 
be  sensed  by  personnel  in  the  vicinity.  Smoke  detectors  are  installed  in 
the  cargo,  avionics,  AC  load  center  and  troop  compartments  to  sense  the 
occurrence  of  the  type  of  fire  or  overheat  condition  that  generates 
smoke.  A total  of  twelve  (12)  portable,  type  A-20  fire  extinguishers 
are  available  for  fire  fighting  and  are  Installed  in  the  flight  station, 
relief  crew  quarters,  courier  area,  troop  compartment  and  the  cargo 
compartment. 

C.  Fire  Suppression  System  (FSS) 

A detailed  description  of  the  FSS  Installation  and  operation  Is 
provided  as  Appendix  F.  It  also  provides  rationale  regarding  areas  not 
protected.  A brief  description  is  provided  here. 

1)  The  FSS  will  provide  fire  detection  and  inerting  or 
suppression  In  the  following  areas  of  the  aircraft: 

a)  Fuel  tanks 

b)  Cargo  compartment 

c)  Avionics  and  Guidance  (A&G)  equipment  compartment 

d)  The  center  wing  section,  including  the  Environmental  Control 
System  (ECS)  equipment,  wing  box  and  flap  control  equipment 

e)  The  wing  dry  bays  and  wing  and  pylon  leading  edges 
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f)  The  main  and  nose  wheel  wells 

g)  The  forward  and  aft  under  floor  areas 

h)  The  Power  Transfer  Unit  (PTU)  compartments  In  the  main 
landing  gear  pods 

2)  These  areas  will  not  be  protected  by  FSS  or  existing  aircraft 
fire  protection  systems: 

a)  The  empennage 

b)  The  wing  flap  and  aileron  wells 

c)  The  main  landing  gear  pod  aft  of  the  wheel  wells,  under 
the  pressure  vessel  and  between  the  APU  compartments 

d)  The  underfloor  compartments  to  the  left  and  right  of  the 
nose  wheel  well 

e)  Radome 

f)  Wing  tips 

g)  Behind  the  lower  wing  flllfet  fairing  and  behind  the  lobe-to 

lobe  panels 

h)  Wing  leading  edge  outboard  of  outboard  engines 

0.  Hazards  Identified 

1)  General  characteristics 

For  purposes  of  this  study,  a hazard  has  been  defined  as 
an  area  where  both  the  combustible  and  the  potential  ignition  source  are 
located,  where  one  or  both  of  the  necessary  events  (available  combustible 
and  Ignition  temperature)  are  known  to  have  occurred  or  are  considered 
probable,  and  thus  constitute  a greater  potential  for  fire  over  the 
lifetime  of  the  C-5  aircraft.  From  the  Investigation,  26  specific  areas, 
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components , or  Items  were  Identified  which  meet  this  requirement.  The 
remaining  areas  were  not  considered  hazards  either  because  the  necessary 
combustible  or  Ignition  source  was  not  present,  or  because  the  likelihood 

of  malfunction  needed  to  provide  one  of  these  elements  was  too  small.  The 
general  characteristics  of  the  Identified  hazards  are  described  below: 

a)  With  one  exception  (described  In  paragraph  2)a)1)),  all  of 
the  26  hazards  require  a minimum  of  two  failures,  one  to  provide  a corbustii 
and  the  second  to  provide  Ignition.  In  most  hazard  areas  the  combustible 
was  JP-4  or  hydraulic  fluid.  The  most  common  potential  Ignition  sources  wei 
electrical  arcing  and  overheating  components. 

b)  None  of  the  hazards  require  restriction  of  aircraft 
operations  pending  correction  of  the  conditions  which  contribute  to  the 
hazard. 

c)  Host  of  the  hazards  are  In  areas  which  will  be  better 
protected  after  FSS  Installation.  This  will  not  eliminate  the  hazard, 
l.e.,  the  potential  for  fire.  Cut  It  will  reduce  the  probability  of  serious 
damage  prior  to  the  fire  being  detected  and  extinguished. 

d)  Although  not  so  serious  as  to  require  aircraft  grounding 
for  correction,  two  of  the  hazards  are  considered  significant  because  there 
would  be  no  adequate  means  of  detection  or  suppression  In  the  area  and  the 
occurrence  could  result  In  significant  aircraft  damage.  In  these  cases 
corrective  action  should  be  expedited.  The  remaining  Items  are  considered 
hazardous  because  the  necessary  elements  are  present  and  could  result  In 
fire  over  the  lifetime  of  the  C-5.  They  are  not  considered  to  be  as  serious 
because  of  the  multiple  circumstances  necessary  for  the  event  to  occur  and 
because  of  the  limited  potential  for  serious  damage  prior  to  detection. 

The  study  group  has  also  proposed  recommendations  for  correction 
of  each  of  these  hazards. 


e)  Seven  of  the  26  hazards  can  be  reduced  to  an  acceptable  level 
by  procedural  changes,  e.g. , T.O.  changes,  Inspections.  The  remaining 

19  Items  would  require  modification,  or  further  study  to  determine  the  nature 
of  modification,  to  rcduce/ellmlnate  the  threat.  The  necessary  modifications 
or  studies  are  already  in  progress  on  seven  of  these  19  items. 

f)  Most  of  the  hazards  concern  Items,  components,  or  conditions 
coenon  to  aircraft;  therefore,  each  hazard  should  be  evaluated  for  appllca- 
bl 1 1 ty  to  other  aircraft. 

2)  Specific  Hazards 

The  hazards  are  divided  Into  two  groups  based  on  the  seriousness 

0 

of  the  event  if  It  occurs: 

(NOTE:  The  numbers  In  parentheses  following 
each  hazard  refer  to  the  specific  hazard 
worksheet  which  may  be  found  In  Appendix  E.) 

a)  Primary  Hazards 

1)  JP-4  fuel  behind  the  lower  wlr.g  fillet  fairing  and 
behind  the  lobe-to-lobe  panels  (1)  (hereafter  referred  to  as  wing  fillet/ 
lobe  area).  This  presents  both  a fire  hazard  and  an  explosion  hazard.  The 
fire  hazard  Is  dependent  on  a single  failure  as  JP-4  can  exist  In  the  area 
either  from  aerial  refueling  operations  or  from  the  Auxiliary  Po wer  Unit  (APU) 
fuel  line  fittings  leaking.  Then,  during  ground  operation  of  the  APU,  the 
OP-4  can  run  down  the  fuselage  Into  the  APU  Inlet  or  exhaust  and  be  Ignited. 

The  explosion  hazard  requires  two  inodes  of  failure:  the  existence  of  JP-4 
In  the  wing  fillet/lobe  area,  and  an  Ignition  source  In  the  sane  area  In  the 
same  time  frame.  The  fire  hazard  Is  of  primary  concern  because  the  area 
will  not  be  protected  by  FSS.  Although  a fire  would  be  Inirediately  detected 
by  personnel  operating  the  APU,  serious  damage  could  gccur  before  It  could 
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be  extinguished.  The  explosion  hazard  Is  not  considered  to  be  as  serious 
because,  In  addition  to  the  need  for  multiple  malfunctions,  the  damage  would 
likely  be  limited  to  blowing  off  the  fairings  and  lobe  panels. 

(2)  Explosive  JP-4  mixture  can  collect  In  the  wing  dry  bays 
(2)  and  be  Ignited  by  damaged  electrical  wiring.  Even  though  requiring 
two  failures,  this  hazard  Is  of  major  concern  because  of  the  probable 
consequences  of  such  an  explosion. 

b)  Secondary  Hazards 

The  areas  described  herein  are  considered  hazards  because 
the  possibility  does  exist  for  fire  to  occur  at  some'  time  during  the  life 
span  of  the  C-5,  l.e. , the  necessary  elements  are  present.  However,  these 
hazards  are  not  considered  to  be  as  serious  because  of  the  need  for  multiple 
malfunctions,  and  because  the  probability  of  detection  Is  greater.  These 
24  hazards  are  In  the  following  general  areas: 

(1)  The  fire  hazard  caused  by  fuel  leaking  from  a 

failed  aerial  refueling  system  manifold  onto  the  Flight  Engineer's  panel  (3). 

(2)  The  potential  for  wiring  problems  and  resultant 
Ignition  hazard  exists  In  several  areas:  the  use  of  aluminum  wiring;  and 
missing  or  deteriorated  wiring  feed-through  grommets  (4),  leaking  JP-4 
flowing  onto  landing  light  wiring  (5),  and  clamp  deterioration  (6). 

(3)  Engine  and  pylon  problem  areas  Include  vapor  barrier 
deterioration  and  lack  of  air  circulation  on  engine  right  side  (7),  engine 
driven  hydraulic  pump  rupture  (8),  and  engine/pylon  bleed  air  duct  seal 
deterioration  (9). 

(4)  Two  types  of  components,  the  flap  power  pack  (10) 
and  the  three  power  transfer  units  (11)  (12),  were  found  to  have  known 
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failure  problems  that  can  result  In  loss  of  large  quantities  of  hydraulic 
fluid,  providing  a combustible  that  can  spread  to  Ignition  sources  outside 
the  Immediate  areas. 

*# 

(5)  Aircraft  batteries  (13)  were  Identified  as  hazardous 
for  two  reasons.  Small  hydrogen  gas  explosions  are  known  to  occur  within 
the  batteries  due  to  the  charging  cycle.  In  addition,  under  some  conditions, 
the  batteries  will  fail  to  fire  the  FSS. 

(6)  The  chine  drain  system  (14)  was  determined  to  provide 
a source  of  some  hydraulic  fluid  that  constitutes  a hazard  within  the  main 
landing  gear  wheel  wells. 

(7)  The  emergency  generator  (15)  was  determined  represent 
an  Ignition  hazard  in  the  event  of  contactor  failures. 

(8)  The  crosswind  computer  (16)  can  serve  as  an  Ignition 
source  If  the  printed  circuit  cards  reach  excessive  operating  temperatures. 

(9)  An  unusual  hazard  is  presented  by  the  troop  compartment 
grill  (17)  due  to  the  ease  with  which  a cigarette  could  be  dropped  through 

It  onto  cargo  loads. 

(10)  Several  components  were  found  to  constitute  some 
hazard  due  to  failure  modes  which  might  generate  ignition  temperature. 

These  Include,  but  are  not  limited  to:  lanolng  gear  extend/retract 
system  (18);  tires  and  brakes  (19);  underfloor  heat  fans  (20);  wing  bleed 
air  Isolation  valves  (21);  and  the  slot  proximity  control  box  (22). 

(11)  The  forward  and  aft  underfloor  areas  (23)  were 
determined  to  be  hazardous  because  they  collect  flammable  fluids  over  a 
period  of  time. 


i 
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(12)  Although  designed  to  reduce  potential  Ignition 
sources,  the  fuel  tanks  (without  FSS)  (24)  are  susceptible  to  flre/exploslon 
from  lightning,  static  discharge,  and  other  Ignition  sources  which  cannot 

be  completely  eliminated. 

(13)  The  cargo  winch  (G1)  Is  a hazard  because  an  over- 
heated winch  could  ignite  flammable  fluids  spilled  in  the  compartment. 

(14)  The  oxygen  system  (63)  was  determined  to  be  hazardous 
because  there  Is  no  provision  for  remote  shutoff  of  oxygen  supply  in  the 
event  of  oxygen  line  leakage  or  rupture. 
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CONCLUSIONS 
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1.  The  C-5  has  potential  fire  hazard  areas. 

2.  None  of  the  hazards  pose  a threat  sufficiently  serious  to  require 
restriction  of  flight  operations. 

3.  Two  hazards  require  expedited  corrective  action.  They  are  the  wing 
fillet/lobe  area  (hazard  Worksheet  No.  1)  and  the  wing  dry  bay  (No.  2). 

The  FSS  would  not  provide  protection  for  the  fire  or  explosion  hazards 
in  the  wing  flllet/lobe  area  nor  for  the  explosion  hazard  in  the  dry  bays. 

4.  Until  FSS  Is  Installed,  hazards  in  the  remaining  areas  can  be  greatly 

m 

reduced  by  implementing  the  applicable  recoiwnendatlons. 

5.  For  those  items  where  the  fire  potential  is  minimal,  no  corrective 
actions  arc  required. 

6.  In  all  hazard  areas  where  hydraulic  fluid  was  the  combustible  material, 
a new  hydraulic  fluid  with  a higher  flash/f.lre  point  would  greatly  reduce 
the  probability  of  a fire  hazard 

7.  The  Fire  Suppression  System,  when  installed,  should  provide  early 
detection  and  adequate  suppression  of  fires  in  locations  covered  by  the 
FSS.  The  FSS  may  not  detect  a fire  behind  the  c«  30  compartment  Insulation 
and  panelling  until  the  fire  Is  exposed  to  the  open  cargo  compartment. 

8.  With  exception  of  fuel  leaking  onto  the  APU,  no  single-mode  failures 
were  found  which  could  result  in  fire.  All  other  hazards  require  at  least 
two  failures  or  malfunctions  in  order  for  a fire  hazard  to  exist. 

9.  Host  hazards  found  In  this  study  concern  items,  components,  or  con- 
ditions coj.non  to  aircraft.  Similar  hazards  nay  be  present  on  other 
aircraft. 
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RECOMMENDATIONS 

Shown  in  parentheses  Is  the  agency  which,  in  the  opinion  of  the  study 
group,  should  be  OPR  for  initiating  the  actions  recommended. 

1.  The  following  general  recommendations  are  proposed: 

a.  Ail  future  modifications  to  the  C-5  should  be  reviewed  to  Insure 
that  there  are  no  new  fire  hazards  designed  or  built  In  as  a result  of 
the  modification.  (San  Antonio  ALC/MAC/SPO) 

b.  Current  programs  to  develop  a hydraulic  fluid  with  a higher 

flash/fire  point  should  be-  continued.  (AFSC)  , -! 

c.  Other  aircraft  should  be  examined  for  hazards  of  the  nature 
Identified  In  this  study.  (AFLC/AFSC) 

2.  The  following  specific  recommendations  are  proposed  as  means  of 
reducing  or  eliminating  the  primary  fire/explosion  hazards: 

a.  Wing  Fillet/Lobe  Area  * 

1)  MAC  should  emphasize  compliance  with  the  T.O.  1C-5A-2-4 
procedure  requiring  APU  area  scan  prior  to  APU  start.  (MAC) 

2)  Recommendations  which  may  result  from  the  present  aerial 
refueling  spillage  study  should  be  given  top  priority  to  correct  the 
fire/exploslon  hazards  resulting  from  fuel  spillage.  (San  Antonio  ALC) 

3)  The  APU  fuel  line  In  the  wing  fillet  should  he  modified  by 

replacing  the  Wiggins  fitting  with  a more  reliable  coupling  and  the  ~ 

lines  should  be  rerouted  with  an  expansion  loop  to  reduce  axial  loads 

■ \ 

In  the  line.  (San  Antonio  ALC) 

b.  Wing  Dry  Cays 

The  wires  In  the  dry  bays  should  be  routed  through  conduits  to 
prevent  damage  during  maintenance  actions.  (San  Antonio  ALC) 
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3.  The  following  corrective  actions  are  proposed  for  the  secondaiy 
hazards. 

a.  Flight  Lnglnecr's  Panel 

1)  A method  should  be  devised  to  allow  Inspection  of  the  £.er1a1 
refueling  receptacle  coupling  outer  shroud  for  failure  of  coupling  inner 
seal.  (San  Antonio  ALC) 

2)  Study  the  feasibility  of  installing  a barrier  or  baffle  to 
prevent  hydraulic  fluid  and/or  fuel  frer;  spraying  onto  the  flight  engineer* 
panel.  Accomplish  modifications  recommended  as  a result  of  study.  (San 

Antonio  ALC/KAC) 

b.  AC/DC  Elect  Power  and  Distribution  System 

m 

1)  Establish  optimum  time  change  period  for  the  aluminum  wiring. 

Installation  of  copper  wiring  at  this  time  is  recommended.  Review 
T.O.  1C-5A-6  Inspection  criteria  for  areas  susceptible  to  hydraulic 
saturation  to  determine  adequacy.  (San  Antonio  ALC) 

2)  Establish  an  Analytical  Condition  Inspection  (ACI)  requirement 
to  Inspect  the  wiring  feed-through  grommets.  (San  Antonio  ALC) 

c.  Exterior  Lighting 

A study  should  be  made  to  determine  the  maximum  length  of  time 
allowed  for  operation  of  landing  lights  and  restrictions  Incorporated  in 
T.O.  1C-5A-1  to  preclude  overheating  of  landing  lights/wiring.  (San 

Antonio  ALC/MAC) 

d.  Clamps  Supporting  Wiring  and  Hydraulic  Lines 

1)  The  original  design  clamp,  which  is  subject  to  age  deteriora- 
tion, should  be  purged  from  the  aircraft.  This  should  be  accomplished 
expeditiously  on  some  basis  other  than  the  presently  specified  replace- 
ment only  for  worn/dcterlorated  condition  (San  Antonio  ALC) 

2)  A better  clamp  should  be  Idontifi ed/developed  to  support 

the  hydraulic  lines  In  the  empennage.  (San  Antonio  ALC) 


IS 


e.  Engines 

A study  should  be  made  to  determine  the  feasibility  of  Improving 

the  Integrity  of  the  vapor  barrier  and  Improving  air  circulation  on  the 
right  hand  side  of  the  engine  cocJbustion  section.  If  feasible,  the 
necessary  codifications  should  be  accomplished.  (San  Antonio  ALC/HAC) 

f.  Engine  Driven  Hydraulic  Pumps 

MAC  should  enphaslze  the  Importance  of  noting  case  drain  flow 
failure  printouts  from  KADARS.  Correction  of  the  cause  for  each  such 
failure  cessage  can  help  preclude  engine  fire.  (MAC) 

g.  Pylons 

Installation  of  a new  fire  wall  seal  being  developed  under 
NIP  SANBM  74-0096  should  be  expedited.  (San  Antonio  ALC) 

h.  Flap  Power  Pack  Assy 

The  control  manifolds  should  be  replaced  as  available  rather  than 
by  attrition  (San  Antonio  ALC) 

1.  2/3  Power  Transfer  Unit  (PTU) 

Investigation  of  2/3  PTU  cartridge  valve  failures  under 

HIP  SANBf!  74-0520  should  be  continued.  (San  Antonio  ALC) 

j.  1/2  and  3/4  Power  Transfer  Unit  (PTU) 

1)  T.O.  1C-5A-1  should  be  revised  to  add  the  following: 

If  « PTU  malfunction  occurs  during  1/2  or  3/4  PTU  operation 
In  flight,  perform  an  inspection  of  the  adjacent  cargo  compartment  sidewall 
for  Indications  of  heat.  (MAC) 

2)  T.O.  1C-5A-2-3  should  be  revised  to  add  the  following: 

If  a PTU  malfunction  occurs  during  ground  operation,  open 
access  panel  and  Inspect  area  for  evidence  of  fire  (prior  to  FSS). 

(San  Antonio  ALC) 
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k.  Aircraft  Catteries 

Higher  capacity  nickel  cadmium  or  lead  acid  batteries  should  be 
Installed.  (San  Antonio  ALC) 

l.  Chine  Drain 

1)  The  straight  runs  of  plastic  tubing  between  MIG  wheels  should 
be  replaced  with  a more  durable  tubing.  Lightweight  aluminum  tubing  might 
be  suitable.  (San  Antonio  ALC) 

2)  Until  replacement  Is  accomplished,  T.O.  1C-5A.-6  should  be 
revised  to  require  regular  inspection  of  these  lines  for  leaks,  breaks, 
cr  splits;  or  collection  of  fluid  at  low  points.  (San  Antonio  ALC) 

3)  Until  replacement  Is  accomplished,  T.O.  1C-5A-1  should  be 
revised  to  add  the  following: 

In  case  of  reservoir  overflow  during  flight,  monitor  wheel  well 
area  for  evidence  of  fire  (prior  to  FSS).  (MAC) 
n.  Emergency  Generator 

1)  A warning  system  to  Indicate  contactor  failure  should  be 
Installed.  (San  Antonio  ALC) 

2)  A higher  reliability  contactor  should  be  Identlfled/developed 
and  Installed.  (San  Antonio  ALC) 

n.  Crosswind  Computer 

1)  A study  should  be  conducted  by  ASD/ENJPF  to  determine  the 
temperatures  to  which  the  failed  printed  circuit  cards  have  been  exposed. 
(ASD) 

2)  If  the  ASD  study  indicates  the  falling  cards  are  a serious 
heat  source,  the  units  should  be  shielded  or  otherwise  Isolated  from  fuel 
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sources,  similar  to  the  Radar  Altimeter  or  Anti-Skid  Control  Box  shielding. 
(San  Antonio  ALC) 

o.  Troop  Compartment  Grill 

Tie  crew  should  be  Included  In  the  loadmaster‘s  briefing  covering 
smoking  restriction, in  T.O.  1C-5A-1.  MAC  should  enforce  the  existing  require- 
ment that  crew  and  passengers  not  be  allowed  to  smoke  In  the  troop  compart- 
ment unless  they  are  seated  In  the  troop  area.  (MAC) 

p.  MG  Extend/Rctract  System 

1)  MAC  should  continue  inspection  procedures  established  by 

MAC  message  UO/LG/IG  0617152  Jan  75  until  fire  detection  Is  Installed.  (MAC) 

2)  Cause  of  failure  for  modified  clutch  assembly  should  be 
determined  and  appropriate  action  taken.  (San  Antonio  ALC) 

q.  MG  Brakes  and  Tires 

1)  MAC  should  continue  Inspection  procedures  established  by  MAC 
message  DO/LG/IG  0617152  Jan  75  until  fire  detection  is  Installed  (MAC) 

2)  Installation  of  fuses  In  any  presently  unprotected  hydraulic 
lines  In  the  landing  gear  system  should  be  expedited.  (San  Antonio  ALC) 

r.  Underfloor  Fan 

An  operational  procedure  should  be  added  to  T.O.  1C-5A-1  to 
require  emergency  depressurization  to  shut  down  underfloor  fans  If  flammable 
vapors  arc  present  or  suspected.  (MAC)  1 

s.  Wing  Isolation  Valves  ; 

A cover  should  be  installed  over  the  RH  isolation  valve.  Ef  w 
to  provide  the  required  cover  under  HIP  SA1JBM  74-0223  should  be  continued. 

(San  Antonio  ALC) 
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t.  Slat  Proximity  Control  box 

T.O.  1C-5A-1  should  be  revised  to  require  a periodic  Inflight 
Inspection  of  aft  troop  compartment  and  wing  rear  beam  area  on  all  missions. 
(MAC) 

u.  Forward  and  Aft  Underfloor  Compartments 

1)  An  inspection  requirement  should  be  added  to  T.O.  1C-5A-1  and 
1C-5A-6  to  require  Inspection  of  the  underfloor  area  when  hydraulic  fluid 
and/or  flammable  cargo  spills  Into  cargo  compartment.  (MAC/San  Antonio  ALC) 

2)  T.O.  1C-5A-1  should  be  revised  to  require  a 781  entry  any  time 

hydraulic  fluid  and/or  flaumable  cargo  spills  Into  the  cargo  compartment. 

0 

This  entry  would  require  inspection  of  the  underfloor  area  prior  to  next 
flight.  (MAC) 

v.  Fuel  Tanks 

FSS  Installation  should  be  continued.  (San  Antonio  ALC) 

w.  Cargo  Winch  ♦ 

1)  Until  release  of,  and  compliance  with,  TCTO  1C-5A-1740,  which 
will  provide  drain  holes  In  the  winch  compartment,  MAC  should  emphasize 
the  need  for  cleaning  the  compartment  after  any  fluid  spillage;  and  the 
need  for  thorough  inspection  prior  to  winch  operation  (MAC). 

2)  Instructions  should  be  added  In  T.O.  1C-5A-9,  requiring 
observation  of  winch  during  operation.  (MAC) 

x.  LOX  Converter 

A study  should  be  nade  to  determine  the  feasibility  of  Installing 
• remote  oxygen  shut-off  capability  mounted  on  the  Flight  Engineer's 
Console.  Accomplish  modifications  recommended  as  a result  of  the  study. 

(San  Antonio  ALC/MAC) 
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APPENDIX  A 

COM&USTIBLES  AND  IGNITION  SOURCES 
« 

COMBUSTIBLES 

For  the  purpose  of  this  review  the  following  combustibles  were  con- 
sidered as  normally  used  or  located  in  the  C-5A  aircraft. 

a.  MIL-J-5624,  JP-4  (Primary  fuel) 

b.  MIL-J-5624,  JP-5 

C.  MIL-H-5606,  Hydraulic  Oil 

d.  HIL-L-7808,  Lubricating  Oil 

e.  All  nciimetallic  materials  such  as  fabrics.  Insulation,  curtains, 
plastic  panels,  floor  coverings,  bunks,  flight  station  lining,  cargo 
compartment  inner  lining  and  tires. 

f.  Combustible  cargo 

The  various  properties  of  the  flammable  fluids  are  summarized  in  Table 
Of  the  main  combustible  fluids  aboard  the  aircraft  only  the  jet  fuels  are 
capable  of  forming  flammable  vapor-air  mixtures  at  the  normal  ambient 
temperatures  outside  the  designated  fire  zones  (Engine  & APU  compartments). 
As  noted  in  Table  I,  these  fuels  have  flash  points  of-lO'T  for  OP-4  and 
140°F  for  JP-5.  This  study  is  based  on  the  fact  that  above  -10°F  JP-4 
fuel  will  form  a flammable  vapor-air  mixture.  The  jet  fuels  and  the  less 
volatile  hydraulic  oil  (MIL-H-5606)  and  engine  oil  (MIL-L-7808) 
are  capable  of  forming  flammable  vapor  mixtures  in  the  engine  and  APU 
compartments  of  the  aircraft.  These  flammable  vapor-air  mixtures  can  be 
Ignited  by  low  intensity  sparks  or  by  a hot  surface. 


All  nonmetal 11c  materials  used  in  occupied  area  of  the  C-5  are 
required  to  meet  Federal  Aviation  Regulation  requirements  for  self 
extinguishment  after  flame  removal.  These  materials  and  their  fire 
resistant  characteristics  are  listed  in  Appendix  B.  Preventing 
the  spread  of  fire  in  occupied  areas  is  based  on  the  use  of  materials 
that  have  a low  rate  of  propagation  such  that  a fire  will  not  propagate 
beyond  the  Immediate  area  of  the  ignition  source. 

Hot  brakes  and  wheels  have  been  a source  of  ignition  In  nearby 
hydraulic  systems  and/or  the  tires. 

Combustible  materials  of  all  types  are  carried  on  or  1*  the  cargo 
compartment  and  may  be  palletized,  boxed,  bagged  or  packag' d,  or  may 
be  vehicles  containing  automotive  fuels  and  lubricants. 

IGNITION  SOURCES 

The  following  Ignition  sources  were  considered  as  being  present 
in  the  C-5  aircraft. 

a.  Surfaces  which  will  Ignite  flammable  fluids  impinging  thereon 
such  as  engines,  Aid,  bleed  air  line  and  components,  exhaust  pipes, 
brakes,  and  electrical  components. 

b.  Electrical  components  subject  to  arcing. 

c.  Electrical  faults  and  arcing. 

d.  Static  electricity. 

e.  Lightning 

f.  Smoking  paraphernalia  - matches,  cigarettes 
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One  of  Lite  ».,ost  widely  used  then  .a  1 ignition  tests  consists  of 
wrapping  o small  quantity  of  liquid  into  an  open  container  treated  to 
some  specific  temperature.  1 lie  fluid,  air  and  container  arc  close  to 
t»u  sainc  temperature.  Ignition  temperature  is  defined  as  tlic  1 ot.es t 
coloratura  of  the  container  at  which  a visible  or  audiLlo  evidence  of 
a flame  or  explosion  is  observed.  Tests  of  this  type  generally  give  the 
lowest  ignition  temperature  reported.  Minimum  AIT  valves  for  the  fluids 
investigated  on  the  C-5A  are  shown  In  Table  I.  Duct  surface  ignition 
temperature  data  Is  based  on  tests  using  bleed  lines  and,  even  at  zero 
air  velocity,  the  surface  temperatures  required  for  ignition  of  the 
various  fluids  are  considerably  higher  than  their  minimum  autoignition 
temperature  as  determined  in  heated  vessels  under  static  air  conditions. 
Requirements  specify  a maximum  surface  temperature  of  500°F.  The  bleed 
air  ducts  are  Insulated  with  a maximum  cold  side  temperature  of  450°F 
with  a 61 5°F  duct  wall  temperature  and  an  ambient  temperature  of  250°F. 
Tests  conducted  by  the  contractor  show  that  with  fluids  Impinging  on 
the  bleed  duct  inside  the  insulation,  the  minimum  hot  surface  ignition 
point  was  900°F.  (A.H.B.) 


Under  ideal  conditions,  a minimum  energy  of  about  0.2  mill i joules 
(6xl0“5  calories)  Is  required  for  ignition  of  fuel  In  air.  To  put  this 
In  perspective,  the  energy  of  electrostatic  discharge  from  a man  can 
produce  a static  discharge  of  15  millijoules.  This  is  an  exceedingly 
small  amount  of  energy  and  most  familiar  ignition  sources  on  the  C-5A 
are  considerably  more  energetic.  These  include  electrical  system 
arcing  and  static  electricity.  However,  it  should  be  noted  that,  in  order 
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to  have  a fire  Ignited  from  electrical  system  arcing,  the  fuel/air 
mixture  must  be  In  its  f^rmability  range.  A hydrocarbon  will  not  bum 
while  it  Is  In  the  liquid  phase  and  to  generate  sufficient  vapor,  the 
fluid  must  exceed  the  flash  temperature  as  shown  in  Table  I.  If  the 
electrical  fault  Is  a power  short  to  ground,  a fire  may  be  ignited  on 
a combustible  soaked  insulation;  however,  the  amount  of  combustible  Is 
usually  limited.  Lightning  strikes  contain  large  amounts  of  energy,  far 
in  excess  of  the  minimum  required  for  Ignition  of  flammable  vapor-alr 
mixtures.  The  fuel  system  Is  designed  to  minimize  hazard  due  to  lightning 
and,  with  the  installation  of  the  FSS  fuel  tanks  inerting,  additional  pro- 
tection will  be  provided.  Areas  outside  the  fuel  tanks  are  not  easily 
protected  from  lightning  strikes. 

Several  sources  of  ignition  exist  in  areas  used  or  occupied  by 
personnel.  The  sources  may  be  the  result  of  equipment  failure  or 
malfunction  or  of  actions  by  personnel  and  may  be  overheat,  sparks, 
open  flames  or  embers.  Incidents  due  to  personnel  may  Involve  careless 
handling  of  smoking  materials  and  the  placement  of  objects  adjacent  to 
Ignition  sources.  Oxygen  is  available  in  the  crew  station,  courier, 
troop  and  cargo  compartments.  While  oxygen  Is  not  a source  of  fire,  it 
can  cause  a fire  to  occur  spontaneously  when  It  is  released  In  the 
presence  of  many  materials. 

References;  AFAPL  TR-73-74 
AFAPL  TK-71-8G 

Aviation  Fuel  Safety  (CBC  Project  No.  CA-37-64) 

Lockheed  Report  LG1U5283-1-1 
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TABLE  I 


COMPARISON  OF  FLAMMABILITY  AND  AUTOIGNITION  PROPERTIES 
OF  COMBUSTIBLE  FLUIDS 


KIL-H-5606 

MIL-L-780C 

JP-5 

JP-4 

Hyd  Fluid 

Enqine  Oil 

Flash  Point  *F 

140 

-10 

195 

440 

Fire  Point 

145  to  150 

-5  to  0 

225 

460 

Min  Autoignition  Temp  *F 

435 

470 

440 

740 

Duct  Surface  Ignition  Point  *F 

900 

920 

960 

1010 

Flammability  Limits  In  Air 

Lower  Limits  Vol  X 

0.6 

1.3 

.297 

Upper  Limits  Vol  X 

4.5 

8.0 

2.71 

Flash  Point:  'The  lowest  temperature  of  the  liquid  at  which  it  gives 
off  vapor  sufficient  to  form  an  ignitable  mixture  with 
the  air  near  the  surface  of  the  liquid. 

Fire  Point:  The  lowest  temperature  of  a liquid  In  an  open  container 

at  which  vapors  are  evolved  fast  enough  to  support 
continuous  combustion. 


APPENDIX  B 


NONMETALLIC  MATERIALS 


l-»CINIt».C(»«eiA  COMPANY 

INTtKDCPART.MCNTAl  COMMUNICATION 


A N V 0 


TO 


D.  0.  Gunson 


mpt.  72-19  tom  454  oat i 5 June  1970 


itoM  C.  B.  Lovelace 

luutcT:  C-5  LTSSIOH  KSTEIL1LS 


DIPT.  72-19  TONI  IXT.  7025 


KATFMI/L 


cao^?rr 


Cargo  Ccr.pt  Hardliner 
St  Functional  Cover 


LS  3^580-1 
LS  34531-1 
LS  3^31-2 
RiGid  polyure- 
thane foan  sand- 
wich between 
resin  improcnated 
Glass  fabric 


Cargo  Compt  Frame  Covers, 
S/S  0001  thru  0044,  13-1, 
1-3-2,  Chain  Stowase  Boxes 
& Device  Stowage  S/S 
0001  thru  0019 


Cargo  Compt  Frame  Covers 
Ship3  0045  ii  up  & 1-3-1 , 
1-3-2  Device  Stowago 
S/S  0020  « up 


Hyd.  Service  Centers 


Carco  Cor.pt  Trim  Panel 
fcdce  Members 


Carco  Ccr.pt  and  Troop 
Compt  Insulation  Batts 


Glass  fabric  per 
SCM  22-502  ir.- 
preGnated  with 
epexy  resin  per 
jcn^R-9300 


A44(#w*  Rt-feelii 


"SaTT 


Meets  the  FAA  require- 
ments for  fire  resistant 
materials  as  outlined  ini 
Plight  Standards  Ser/iccj 
Release  453 


(Samo  as  above) 


XYDZX  100 


Compressed  honey- 
comb code,  aluminum! 
per  S TK  23-003 
Typo  I 


Ko  tests  have  boon  con- 
ducted. Vc-ncor  claims 
KYDEX  is  fire  resistant 
in  thicknesses  over  ,C4 


LS  3*.  547-1 
LS  34647-4 
LS  34648-1 
Vinyl  - Semi- 
flexible 


STM  26-703,  Type 
Ia,  Class  I. 

1.0"  & 2.0"  thick 
insulation  - 
KIL-B-5924 
Cover-SIM  26-103 
Class  4£  & Class 
2l-.  STA  26-701 
Typo  II,  Grade  AA, 
Class  2 
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Equal  to  or  superior  to 
normal  honeycomb 


Slow  burning  to  self-  1 
extinguishing 


Fire-resistant  self- 
extinguishing.  See* 
Motes  /l\,  /S\.  & A\ 
of  Attachment 


□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 


roa  action 


RC’LY  f.V?R 


p.-ir;,:*  ; 

)!G4AiU.! 


COM  VIST 


l!T*5  TALK 
IT  OVaK 


INVUTICATI 


PGt 

InioamaT.’O* 


pifAjf  sct: 
AND  CiltkN 


maw 

io.low  ir 


OH.. 


p.c  rourmo.  tp;c» 

FOLLOW  LP  Da74* 


c«  r*r«  l-5 


TTFM 

KVTflTAL 

CCtrTTtT1 

Cargo  Compt  Insulation 
Batts 

STM  PC- 701 , Type  II, 
Grade  AA  1.0"  thick 
cover-CTX  26-1 0>  clao 
2}.  Fabricated  per 
STP-51-208  Typo  1, 
Claes  3 

Fire-rccistrnt  oel  ^extinguishing. 
See  Notes  /l\  & of 

r Attachment 

• 

| 

Pit.  Sta.  & Crew  Rest 
Area  Insulation  Batts 

STM  26-701,  Type  III, 
Class  2,  Grade  AA. 

STM  26-103,  Class  2} 
Ore on  AN- 4 Tedlar 
film 

1 

Fire-resistant  ccl^-cxtinguishing. 
See  Motes  /i\  , ^ , & Zl. 

of  Attachment 

Troop  Compt  Trim  Panels  U 
Modules 

I LS  34532-1 

LS  34pB3-1,  -2,  -3 
LS  34534-1 
LS  34585-I 
Rigid  Polyurethane 
foam  sandwich  between 
resin  impregnated 
Class  fabric.  An  em- 
bossed flexible  vinyl 
foam  on  all  above 
LS' c except  LS  34582-'. 

Meets  tho  FAA  requirements  for 
fire-resistant  materials  &3  out- 
lined in  FliGht  Standards  Service 
Release  453 

Bleed  Air  Ducts 

Pher.olie/Pibcrclass 

Self-extinguishing 

Air  Distribution  Ducts 

STM  26-103 
stm  26-603 

Fire- resistant  self-extinguishing. 
See  Koto  /l\  of  Attachment 

Air  Distribution  Ducts 
(lira tod  use) 

ST?  61-203,  Type  II, 
Class  A,  Grade  2 
epoxy  - fiberglass 

350*  heat  resistant. 
Solf-cxtincuishinc 
• 

Underfloor  Isolation 
Panels,  Main  Panel 

SIM  26-103 

Flame-resistant . Sel f-extingui sh- 
ine. See  Koto  ~/i\  of  Attachment 

Underfloor  Isolation 
Panel  Funnel  Area, 

J'2Lr*C-20u95,  Type  I 
Class  3,  Chloropcno 
coated  nylon 

Self-extinguishing.  Has  fire— 
retardent  Inhibitors 

Rain  Removal  Fluid  Lines, 
Duct  Drain  Lines,  Potable 
Water  Lines 

Polyethylene 

Will  melt  and  bum 

Air  Conditioning  Duct  and 
Fan  Mufflers 

DAIP  modified 
polyester  resin  & 
fiberglass 

30C *F  heat-resistant  flame  re- 
tarders in  resin,  self-extinguisher 

Upper  Deck  Floors 

Aluminum  Money comb 

Heat  resistant  to  JGO'?  will  defora 
and  delaminate  at  higher  tempera- 
tures - will  not  support  combustion 
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n.io’iT  stat tom  r.’.TF.nrMS 


\ 


ch/jucthrt.tti cs  \r;i.y.  r,m jt.zttl 
ttfm to  fir-:  c?  vr;r 


Doors 

Three  basic  constructions  are 

used  for  door  asoy3: 

1.  LS  3*922  - .5  or  .75  thick 
honeycomb  panels  core  mat1! 
is  5052  AL  per  STM  28-102. 
Pace  sheets  are  P/G  per  STM 
22-50 0,  with  3 MIL  vinyl 
(Tedlar)  painted  surface  or.c 
or  both  sides 

‘ ! 

2.  LS  3*653  - Panel  - Coro  is 
polyurethane  foam.  Face 
sheets  are  fiberglass  & 
vinyl  (Panlan) 

3.  LS  >*833  - Honeycomb  panel 
core  is  alum,,  face  sheets 
are  thin  gauge  alum  (.008 
to  .012)  one  or  both  sides 
are  covered  with  vinyl 
sheets  .020  thick  (Panlaa) 

A.  The  laid-up  F/G  as  well  as 
"Conolito''  P/G  is  self- 
extinguishing. 

B.  The  "TcdlAr”  decorative  co.v 
is  rated  as  slow  burning  to 
self-extinguishing. 

C.  The  polyurethane  foam  is  ce! 
extinguishing. 

D.  The  "Panlcm”  decorative  mat' 
in  solf-oxtinguishing. 

Panels  and  laminates  will  tend 

become  unbonded  at  elevated 

temperatures  (approx.  '}000F  & v 
* 

Access  Panel  and 
Doors 

1 

! 

LS  3*863  Panel  - Coro  is  poly- 
urethane foam.  Face  sheets  arc 
fiberglass  & vinyl  or  F/G  both 
sides  (same  basic  construction 
as  Item  2 above) 

Same  as  above 

Upper  and  Lower 
Side  Consoles 

LS  3*939  & LS  3*9*0 

3/8”  nylon  paper  (Mcmex)  core 

with  F/G  face  sheets 

Komt-x  is  impregnated  with 
phenolic  resin  and  is  self- 
* extinguishing.  It  is  also  a 
low  smoke  generator 

Glare  Shield 

% •* 

Fibcrglas 

Wool  & nylon  covering 

Solf-extingui shing 
Flame  resistant  - This  materi 
meets  FAR  25.633  requirement. 
(Ltr.  in  file  from  vendor  con 
firming  this  certification) 

Reveal  ft  Shrouds 

A3SXYM  (Thermo  Forma'olo  Blast.  c 
Laminate  of  A.B.S.  & rigid  poly 
vinyl  chlorido 

) Polyplastcx  Co. 

• Letter  dated  Aug.  3»  1£67 
Material  is  self-cxtinguishin 
Flammability  tests  by  U.S, 
Testing  Co.,  Inc.  1*072-1  dat 
Jan.  8,  1968 

* Kydex  (Thermo  Foraablo  Plastic) 

1 

• 

Self  extinguishing 
Test  Method  ASTM  D-63550T 
Rhoa  & Haas  Bui.  PL-67*3  & It! 
Sept.  10,  1969 

C.  H.  Bryant  (LAC)  from  J.  B. 
Spencer  (Rhom  & Haas) 

Fibcrglas 
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Self-extinguishing 

Guafjxxasrzcs  v."n~;  srjnjixxr}  i 


TT'”‘t  V*TTnT'T.  'J'O  r)~>  :-/  p } 

Tancl  Facing 

Panlnm 

(Rigid  polyvinyl  chloride 
laminate) 

• 

» 

Polyplastcx  Co.  ltr.  Aug.  5,  r } 
Mat  self-extinguishing  and  re or  j 
requirements  of  CC-T-llVo 
Method  5505  i:  CC-T-i9lb 
Method  590.?.  Test?  performed  by 
U.S.  mc sting  Co.  Inc.  P.pt.  /- 
1*072-1  dated  Jan.  8,  1553  | 

Bunk  Mattress 

Polyurethane  Foam  it  Fabric  Cover 

Fire  resistant  per  TAA  Flight  | 
Standards  Sarvico  Release  455 

PilotMs  & Crew 
Scats 

Fabric  Upholstery,  Foam  Cushions 
St  Keugakyde  Headrest  & Armrest 

Flarr.o  resistant  per  par.  *.5  of  * 
D5MSC001  (documented  in  Q JR)  j 

Relief  Crew  Scats 

Fabric  Upholstery,  Foam  Cushions 
it  Kaugahyde  Armrests 

Flame  roaistant  per  D5M90001  j 

Floor  Covering 
Cabin  L Troop 
Co.~parta.cni 

Vinyl  with  vinyl  sponge  underlay 

• 

1 

Self  extinguishing  or  nor.-  • ! 
burning  (John  Sr.eller  ltr.  dtd.  j 
Aug.-  25,  1967  with  attached  | 
report)  j 

Blackout  Curtain 

J’ylon  vinyl  coated 

Self  extinguishing  or  non-  j 

burning  in  accordance  with  Fit.  | 

Std.  Servico  Release  No.  *53  • 

« 

Aisle  Curtain 

Wool  Gabardine 

Material  is  inherently  fltso  J 
proof  sinco  it  is  wool.  Meets  j 
requirements  of  Fit.  Safoty  Std.  j 
455  per  Clarko  L Burchfield  j 
(vendor)  J 

Lavatory  Curtain 

Vinyl  coated  fiberglas 

f 

Self  extinguishing  or  non-  I 

burning  par  Fit.  Safety  Std.  *55  j 

Lavatory  Floor 
Covering 

Laminated  rigid  polyvinyl 
chloride 

1 ....  ■ 1 mimw  11  t 

Sol f extinguishing  j 

Student  Instr 

Scats  » 

• 

Fabric  upholstery,  foam  cushions 
& ncugahyde  on  back  & scat 

Flame  resistant  per  par.  *.5  or  J 
D5M9C001  (documented  In  QTR)  { 

Fit.  Sta.  it  Pass- 
enger Overhead  & 
Side  Soft  Trim 

Vinyl  facing  on  polyurethane  , 
foam  - bonded  to  rigid  fiberglas 

Self  extinguishing  or  nor.-  • 
burning  per  Fit.  Safoty  Std  *53»  ! 
(John  Snellor  ltr.  6-19-67  * j 
Aug.  25,  1967)  | 

Crew  Lavatory 
Water  Tanks 

Linear  polyethylene 

Flammable  - classified  as  slow  | 
burning  i 

Water  System 
Tubing 

Polyethylcno 
MIL- P-jQO^ 

t 

Flammable  - classified  as  nlow 
burning  ! 

Laggftg o Comat 
Restraint  Mots 

\ 

Nylon 

• 
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Self  extinguishing  j 
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APPENDIX  C 

BLEED  AIR  DUCT  IGNITION  TESTS 

« 

•# 

RECORD  OF  LOCKHEED  LABORATORY  TESTS 

ATH  FIRE  INVESTIGATION  28  MAY  1970 


This  test  was  conducted  as  a result  of  the  fire  encountered  on  Ship  0011. 

The  environmental  simulator  was  used  for  this  test. 

The  R.H.  ATM  Insulated  surfaces  were  saturated  with  MIL-0-5606  hydraulic 
oil.  This  was  accomplished  by  cutting  the  RTV  surface  on  the  Insulation 
and  pouring  the  oil  on  the  felt  insulation.  The  ATM  was  then  operated 
with  550 *F  Inlet  air  and  with  a 40  gpm  hydraulic  load.  Surface  temperatures 
on  the  machine  scroll  approached  900*F.  However,  after  36  minutes  of 
operation,  no  fire  resulted.  A large  volume  of  white  smoke  was  present 
during  this  test. 

A line  was  then  located  above  the  machine  scroll  thru  which  hydraulic 
fluid  was  allowed  to  drop  on  the  scroll.  The  above  test  was  repeated 
with  a loose  clamp  (lower)  on  the  ATH  control  valve.  Again  a large  volume 
of  white  smoke  but  no  fire. 

Hydraulic  fluid  was  then  sprayed  directly  on  the  inlet  valve  and  clamps. 

Wo  fire. 

The  object  of  this  test  was  to  try  to  determine  the  Auto  Ignition  Point 
of  HIl-0-5606  hydraulic  oil.  Test  set  up: 


Tj  - Air  Temp 

T2  - Pipe  surface  temperature 

Fluid  was  allowed  to  drrp  from  the  hydraulic  line  onto  the  pipe  surface, 
16mm  movies  were  made  for  each  test. 


t2  *f 


REMARKS 

White/gray  smoke 


9 1 sq  Inch  of  saturated  cloth  on  surface  at  830®F. 

White  gray  smoke  slightly  darker  due  to  smoldering  cloth. 

No  Ignition  occurred  during  any  of  the  above  testing. 

Testing  continued  on  A409009. 

The  next  series  of  tests  Involved  heating  HIL-0-&06  oil  in  a pan. 

O/L 

//Or  PLATE 

Tj  l T2  measured  temperature  of  oil.  Oil  heated  to  approximate  470#F 
white/gray  smoke.  No  fire. 

Oil  heated  to  470°F  white/gray  smoke  ignited  by  open  flame  (match). 
61ack  smoke  after  ignition. 


Oil  heated  to  510°F.  White/gray  smoke.  Ignition  occurred;  however, 
the  source  was  not  clearly  noted,  black  smoke  after  Ignition. 

s'H'tDZAUL.  /C  O/L 

A ) ) 


- -3  ft  X 3 ft 
T/rAHH/tA  PLATE 
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APPENDIX  D 


• AIRCRAFT  ELECTRICAL 
WIRING  HAZARDS  REPORT  ON  GENERAL 
PURPOSE  AIRFRAME  WIRE. 

Aerospace  Safety  Engineering 

• > Department  * 
Lockheed-Georgia  Company 


Preceding  page  blank 
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I.  iNTRcmmoN 

Electrical  a.ystems 

Practically  all  systems  in  a modern  airplane  depend  upon  electrical 

energy  in  come  form  or  another,  as  a power  producer  (generator  system), 

rotating  deviv^s  (motors),  control  circuits  (direct  or  by  use  ays, 

solid  state  devices,  etc.)  and  warning  systems  of  ail  kiitls.  Tu  means  of 

transmitting  this  energy  to  all  of  the  systems  is  through  the  utilization 

of  wiring.  The  number  one  enemy  i A the  electrical  complex  is  the  short 

* 

oircuit.  This  has  been  caused  by  original  design,  re-design,  lack  of 
consideration  of  the  total  environment,  moisture, induction  and  human  error. 
The  most  serious  by-product  of  the  short  oircuit  is  the  electrical  fire. 

A study  of  electrical  wiring  fire  hazards  relative  specifically  to  the 
C-5A  Involves  the  following  general  areas. 

1.  Choice  of  wire  for  various  applications. 

2.  Specification  of  wiring  process  to  be  used. 

3.  Special  attention  to  wiring  items  having  high  hazard  possibility  or 
other  unique  features. 

4.  Implementing  of  wiring  in  the  individual  systems. 

5*  Quality  assurance  to  insure  that  requirements  have  been  met. 

Wire  to  be  used  in  the  C-5A  has  been  chosen.  Wiring  process  specification 
STP  65-101  has  been  prepared. 

The  last  three  goneral  areas  are  being  developed.  Safety  Engineering  will 
monitor  and  coordinate  with  the  design  groups  for  maximum  safety  considera- 
tions particularly  in  potentially  hazardous  areas. 
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SCOPE 


This  report  discusses  general  considerations  In  aircraft  wiping  fires 
and  burnt  wiring,  then  describes  accompli shnents  and  the  approach  being 
taken  In  C-5A  design  for  wiring  safety. 

II.  BACKGROUND 

Tho  major  general  purpose  wire  which  has  been  used  through  the  airframe 
industry  is  VIIL-W-5086.  This  wire  utilizes  FVC  (polyvinyl  chloride)  as 
a primary  insulation  and  is  jacketed  with  nylon;  types  II  and  III  of  this 
specification  also  include  glass  braids  between  the  primary  and  jacket. 

Many  problems  ha*e  been  associated  with  the  use  of  1IIL-W-5086 j the  major 
ones  aret 

(a)  Nylon  cracking,  which  has  been  under  investigation  for  the  last  5 years. 

(b)  Vet  wire  fires,  an  investigation  of  which  resulted  in  Gelac  discontinuing 
the  use  of  type  II  MIL-W-5086  shielded  wire  which  was  considered  a 

fire  hazard. 

(o)  Corrosion.  Vhen  PVC  la  operated  at  175°F»  corrosive  fumes  are  emitted; 
.this  is  below  the  rating  of  1HL-W-50B6  which  is  221°F  (105°C). 

Prevention  of  wiring  fires  and  other  wiring  defects  has  been  a key  factor  in 
the  choice  of  wiring  for  the  C-5A.  A thorough  study  was  made  of  the  latest 
state  of  tho  art  development  in  .types  of  wires. 

Based  on  studies  end  tests  made  by  Lockheed's  Material,  Standards  and  Design 
groups,  MIL-W-81044/2,  Tin  Coated  Copper,  Abrasion  Rosistont  wire  was  chosen 

e 

for  general  purpose  use  on  the  C-5A.  HIL-W-8IO44  consists  of  a cross-linked 

. polyalkane  primary  insulation  and  a cross-linked  polyvinyl! dene  fluoride 
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(Kynar)  jacket  which  offers  low  and  high  temperature  advantages  over  MIL-W-5086 
' as  well  as  overload  protection.  In  addition,  1HL-W-01O44  presents  significant 
weight  saving  opportunities  and  has  a number  of  hazard  prevention  features  over 
the  old  KIL-W-5006  wire* 

1.  Substantially  less  smoking  at  currents  in  excess  of  YKfj*  overload. 

2.  Crack  resistance.  The  cross-linked  structure  of  the  polyalkene/polyvinylidene 
fluoride  insulation  makes  it  stress-crack  resistant.  Farther,  it  is  not 
moisture  sensitive  such  as  the  nylon  jacket  on  WL-W-5086  wire. 

J.  Anti-melting  characteristic.  When  overheated  considerably  beyond  its 

temperature  range,  the  insulation  docs  not  melt  and  drip  off  the  conductor. 

It  tends  to  docompose  but  stays  in  place  on  the  wire.  Therefore,  at  least 
partial  insulation  properties  are  retained  and  the  possibility  of  fires 
from  bare  wires  is  reduced 

4.  No  "wot  .wire"  fires  as  have  been  experienced  with  MIL-W-5086. 

H-Film  (Kapton),  Teflon  and  silicone  rubber  Insulating  systems  were  considered 
for  the  C-5A  program.  Such  faotors  as  function,  cost,  weight,  physical  properties 
and  fabrication  methods  were  the  basis  of  the  evaluation.  H-Film  would  be  lighter 
than  KIM7-81044  and  offer  higher  temperature  properties;  however,  there  was  no 
airframe  usage  or  specification  for  this  wire  and  the  state-of-the  art  was  such 
that  it  could  not  be  recommended  at  the  time  of  the  selection.  Teflon  was  not 
recommended  as  a general  purpose  wire  because  of  cost  and  weight,  however,  it 
was  specified  for  thoso  applications 'where  the  properties  of  Teflon  are  required 
to  meet  design  requirements. 
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Attention  was  focused  on  three  aspects  of  wiring  fires  and  other  wiring 

defectai 

*' 

(1)  Burnt  wiring  and  wiring  fires 

(2)  faulty  Wiring 

(3)  Massive  Current  Overload 

These  problems  area  are  discussed  bolowt 

III.  BURNT  WIRINQ  AND  WIRINS  FIRES 

Reports  of  aircraft  electrical  fires,  including  wiring  fires,  often  do 
not  differentiate  between  wiring  or  electrical  components  charring  and/or 
burning  in  two  and  thesp  same  items  supporting  a flame.  Even  in  aircraft 
general  purpose  wire,  the  objectives  are  to  have  the  insulation  at  least 
"flame  resistant".  This  means  the  insulation  will  not  continue  burning, 
beyond  safe  limits,  after  the  source  of  heating  has  been  removed. 

The  major  hazard  in  defects  of  wiring  leading  to  catastrophic  firer,is  that 
of  an  ignition  source.  Arcing  or  overheated  electrical  components  and 
wiring  create  a high  hazard  probability  in  a combustible  environment. 

Many  of  the  installation  procedures  of  MXL-W-5O88  and  Lockheed  specifications 

* 

ere  directed  toward  the  isolation  of  md  protection  from  faulty  wiring  in 
combustible  environments. 

IV.  FACTORS  IN  FAULTY  WIRIHC 

Heat  and  arcing  associated  with  faulty  wiring  are  isolated  to  the  followlngt 
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1.  Excessive  currents  in  wire  caused  by  faults  in  tho  wiro  or  its 
oircuit  equipment. 

2.  Heat  from  tho  surrounding  environment  by  conduction  or  convection. 

Exposure  to  flame  is  an  extreme  example  of  this. 

3.  Arcing  from  loose  connections  or  faults,  and  the  heating  developed 
from  the  resistance  of  loose  and  faulted  connections. 

Mechanical  factors  are  one  of  the  broadest  sources  of  wiring  problems.  A 

majority  of  troubles  are  caused  by  vires  being  scraped,  cut,  abraded,  chafed, 

* 

loosened  at  connections,  shorted  at  connections,  crushed,  and  pinched. 

Highest  quality  in  initial  installation  and  follow-on  maintenance  is  essential. 
The  relatively  few  wiring  problems  on  the  C-141  relate  to  mochanlcal  factors i 
These  problems  involved  wiring  chafing  against  a (electrical  connector)  plug  beh: 
the  flight  engineer's  panel,  wiring  chafing  in  wing  and  improperly  clamped 
wire  chafing  in  the  engine  nacelle.  Suitable  corrective  and  quality  control 
actions  have  been  taken  on  these  defects. 


Hike  everything  else,  wiring  ages.  On  types  used  in  the  past,  cracking 
of  insulation  was  the  major  effect  of  aging.  Environmental  factors  of 

heat,  humidity,  and  vibration,  are  contributing  factors  to  tho  deterioration 

♦ 

of  insulation.  Hiring  deterioration  has  contributed  to  hazards  in  some  of 
our  earlier  century  series  fighters. 


Wiring  specifications  spoil  out  resistance  of  insulation  to  aircraft  fluid 
and  in  special  cases,  for  acids.  Installation  practices  have  an  objective 
to  preclude  tho  possibility  of  hydraulic  fluids,  fuel,  and  other  fluid  leaks 
dripping  on  wiring  or  immersing  wiring. 


/ 
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Layout  and  routing  of  wires  is  an  early  phase  in  design  to  prevent 
mechanical  damage  to  wires  and  protection  against  hazardous  faults.  Pro- 
tection against  electromagnetic  interferences  is  a companion  prime  considers1 
in  early  phnsos  of  design.  In  modifications  and  major  maintenance,  adherenct 
to  good  wiring  practices  is  equally  important. 

Investigating  the  wreckage  of  a catastrophic  fire  of  a jet  utility  trainer 
a few  years  ago  revealed  that  the  main  power  leads  were  routed  with  dis- 
tribution feeders.  Also,  power  wiring  was  found  to  have  insufficient 
clearance  to  oxygen  lines.  Both  of  these  defects  are  direct  violations  of 
WL-W-5088. 

An  extreme  installation  wiring  hazard  in  a business  jet  transport  was 
caused  by  a new  cable  clamp  which  could  be  installed  in  a manner  whore  tho  • 
clamp  tightening  screws  scraped  the  insulation  from  the  wires  causing  faults 

and  burning.  Needless  to  say,  these  clamps  were  replaced  by  safe  items. 

* * 

FAA  Safety  messages  and  articles  in  Safety  magazines  consistently  show 

mechanical  problems  as  the  major  cause  of  wiring  defects.  Besides  mechanical 

damage  to  wiring  incurred  during  normal  aircraft  operation  and  installation, 

a considerable  amount  of  wiring  damage  is  caused  by  careless  and  improper 

maintenance.  Damage  also  results  from  carelessness  of  maintenance  personnel 

working  on  oqxjipflient  near  wiring.  In  a modern,  high  performance  aircraft, 

electricity  is  used  for  so  many  functions,  that  wiring  is  as  widespread  and 

complex  throughout  the  aircraft,  as  notwork  of  nerves  are  throughout  the 

# 

human  body.  This  tendency  is  increasing.  Not  only  wiring  for  normal 

43 


electric  services,  actuators,  switching  devices,  und  inat? ’‘mentation  { 
hut  in  the  C-JA,  additional  control,  monitoring  and  computing  requirements 
cause  a large  Increase  in  w.  ring  requirements.  The  KADARS  itself  requiros 
a private  network  of  wires  throughout  the  aircraft.  Maintenance  done  in 
virtually  any  arcs  of  the  C-5A  will  hAve  wiring  as  a consideration. 

• 

Design  specifications  for  the  wire  used  normally  takes  care  of  environmental 
effects  on  wire.  The  Bain  consideration  here  is  heat  resistance.  Taken 
into  account  are  possible  bleed  air  leaks,  high 'temperature  areas  of  the 
airplane,  and  long  term  exposure  to  humidity.  Wire  specifications  also 
provide  for  special  wire  which  must  operate  during  and  after  a fire. 
Installation  practices  of  protective  tubing  and  uso  of  special  tape  protects 
against  wiring  damage  in  wheel  wells,  from  shifting  cargos  and  other  special 
hazards.  Since  wiring  problems  are  recognized  as  such  a common  hazard, 
designers  are  more  reluctant  to  compromise  weight,  apace  and  cost  for  lower 
safety  factor  wiring  and  installation  practices. 

Y.  MASSIVE  CORRECT  OVERLOADS 

. Data  was  collected  to  learn  more  abcut  the  behavior  of  various  wire  constructioi 

« 

undor  conditions  of  extreme  current  overload.  Such  conditions  stay  occur  when 
there  is  some  fora  of  catastrophic  failure  of  a protective  device.  In  tho 
toots  described  below,  five  wire  constructions  either  ccoxonly  used  c? 
proposed  for  general  use  in  aircraft  were  aubjected  to  identical  tests. 

a 

All  specimens  were  Awg,  22,  19  ntrsndn. 

5086  I KIL-tf-5006,  type  I.  A polyvinylchloride/nylon  insulr.tior.  systc-m. 

Vail  thickness  .020  inch. 
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5006  II  MJL-W-5086A,  Type  II.  A three  part  insulation  oyetom  consisting  of 
polyvinylchlorido  primary  insulation  covered  with  fiber  glass 
braid,  jacketed  with  extruded  r<ylon.  Vail  thickness  .022  inch. 


TR5  MIL-V-16078,  Type  E.  A polytetrafluorothylcr.e  insulation  system. 

Vail  thickness  .009  inch. 

H-Fila  H-Film/FZP  construction  utilize  two  separate  tapes  c-ach  over- 
lapped 50?S  with  a .0005  inch  fluorocarbon  dispersion  over  the  outside 
layer.  Insulation  wall  thickners  .013  inch. 

81044  VIL-V-81044/2.  A radiation  cross  linked  pclyalkene/polyviryiidene 

fluoride  system.  Insulation  wall  thickness  .019  inch. 


TEST  METHODS. 

• • 

Single  Vire 

Single  conductor  specimens,  approximately  22  inchos  in  length,  were  held  in 

* • • 

a horizontal  position  between  two  bench  vises,  as  shown  in  ths  following 
photographs.  The  primary  voltage  of  a 60  cps  step  down  transforoer  was 
rapidly  increased  with  a manually  operated  autotransforaer  to  rea-cn  the  desired 
test  current  in  les9  than  two  seconds.  This  current  was  measured  with  an 
aoraettr  in  series  with  the  specinen.  The  test  was  terminated  at  the  end  of 
five  minutes  in  those  cases  where  the  eonduotor  did  not  lose. 

a 

\ 

At  each  tea  urrent  the  tine  at  which  each  of  the  following  events  occurred 
was  recordodi  (a)  smoke  (b)  flame  Ignition  (c)  fusing  of  conductor  and 
(d)  flame  extinction. 


/ ’ ' 


Subsequent  to  the  completion  of  each  test,  each  apeciHc-n  was  visually 

examined  and  the  observations  were  recorded.  ' 

. •#  * \ • 

v 

Cable  Pundle 

Seven-wire  cable  bundles  were  tested  by  applying  the  voltage  to  the  center 
conductor  using  the  sa?.e  test  apparatus  described  above.  . \ 

\ 
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OBSERVATIONS  AND  FACTUAL  DATA 


». 

Single  Wire 
gQ  Awperee 

• l . 

A teet  current  of  SO  amperes  for  five  minutee  did  not  damage  TFE, 

• • 

H-Film  or  8lOUt  wire,  but  did  cause  a minor  amount  of  milting  and  flowing 
of  the  5066  Type  I and  Type  II  insulation. 


« 


A 


Smoke  none 

Flame  Ignition  none 

» 

Fusing  none 

Insulation  melted  and  flowed 


20  Amperes 

(•11  tlap6«d  lines  in  seconds) 


i. 


Smoke  none 

Flume  Ignition  none 

Fusing  none 

Insulation  melted  end  flowed 
through  ruptured  Jacket.  ' 


H-Fllm 

# 

Smoke  now 

Flame  Ignition  none 
Fusing  now 


Smoke  none 

Flame  Ignition  none 
Fusing  none 


BlOlU 

Smoke  none 

Flame  Ignition  nors 
Fusing  now 
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^0  Amperes 

At  30  amperes  all  of  the  wires  exhibited  some  damage . The  mechanism  of 

1 . 

degradation  ic  quite  different  for  each  insulation  system. 

1 

Doth  5086  constructions  are  susceptible  to  melting  and  rapid  disintegration. 

■ • % 

Only  brittle  fiber  glass  braid  is  left  on” the  $086  Type  II  wire.  ,The  TFE  insulation, 
on  the  other  hand,  does  not  melt,  but  does  split  and  fall,  thus  leaving  large  areas 
of  conductor  exposed.  The  first  stage  of  damage  to  the  H-Film  construction  is  the 
melting  of  the  FEP  that  serves  to  bond  the  various  layers  of  H-Film  tape  together. 

The  FEP  flows  out  through  the  fluorcarbon  dispersion  costing  forming  small  glob- 
ules. The  8l0Ui  wire  is  damaged  by  charring  of  the  insulation  sjrstem. 

• » • ' 

No  flaming  was  observed  with  any  of  the  wire  types,  and  only  the  50P6 

. • . * 

Type  I wire  fused. 


30  Amperes 

(all  elapsed  times  in  seconds) 


$086  I , 

Smoke  23  * 

Flame  Ignition  none 

Fusing  7l» 

Insulation  melted  end  flowed  off  conductor 


i 


30  Amperes 

(all  elapsed  times  in  seconds) 


5086  II 

TFg 

Smoke 

15 

Smoke 

58 

Flame  Ignition 

nr.ne 

Flame  Ignition 

none 

Fusing 

none 

Fusing 

none 

Insulation  decomposed  into  smoke  Insulation  split  baring  conductor 

leaving  only  brittle  fiber  glass  braid 


H-Film 


Smoke  ' 16$ 

FI  erne  Ignition  none 

Fusing  none 

FEP  melted 


eiOltlt 

Smoke  82 

Flame  Ignition  none 

Fusing  nono 

Some  charring 


50. 
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hO  Amperes 

The  first  fires  were  observed  at  hO  amperes.  They  were  observed  in  the 

TFS  and  H-Film  constrictions  and  were  not  severe  in  either  esse. 

« 

The  other  forms  of  damage  previously  described  at  lower  currents  w tr: 
observed  for  each  wire  type,  and  in  each  case  the  damage  occurred  earlier  and 
was  more  extensive. 


hO  Amperes 

' (all  elapsed  times  in  seconds) 


, gQg6l 

! Smoke  10 

Flame  Ignition  none 

Fusing  21 

Insulation  deccmposed  into  smoke  and 
• dripping  particles 
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1*0  Are  per*  a 

(all  elapsed  tines  in  seconds) 


$086  II 

Smoke  8 

Flame  Ignition  none 

Fusing  5S 

Insulation  decomposed  into  smoke  and 
dripping  particles 


Smoke  20 

Flame  Ignition  2li 

• Fusing  26 

Flame  Extinction  27 


Insulation  split  baring  condctor 


H-Film 


Smoke  \ ; 

5 

Flame  Ignition  1 

35 

Fusing 

36 

Flsme  Extinction 

36 

• 

FEP  melted  and  charred 

Flame  Ignition  none 

Fusing  55 

Charring 
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SO  Amperes 

All  of  the  effects  observed  at  liO  amperes  occurred  even  store  rapidly  at 

SO  amperes. 

The  insulation  of  both  S086  constructions  was  totally  consumed  within  a 
few  seconds  while  the  other  three  wires  retained  their  insulations  for  varying 
lengths  of  tine* 


SO  Amperes 

(all  elapsed  tides  in  seconds) 


m 


r * 


* 

• * A j 


. ’v 


086  I 


|oe 


)ke  3 

Flame  Ignition  none 
Fusing  11 

Insulation  decomposed  into  smoke  and 
.dripping  particles 
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60  Amgerss 

Th«  effects  noted  ut  $0  amperes  generally  appeared  more  rapidly  with  th. 


TFE  insulation  splitting  in  the  iirst  few  seconds.  The  fires  in  the  TFB  and  H»*ilm 
specimens  appeared  to  be  more  vigorous  than  those  which  occured  at,50  amperes. 


60  Amperes 

(all  elapsed  times  in  seconds) 


5066  I 

Smoke  3 

Flame  Ignition  none 

Fusing  ? 

Insulation  decomposed  into  smoke  and 
dripping  particles 


V 


I 


n 


60  Amperes 

(all  elapsed  times  in  seconds) 


t. 


|086_II 

Smoke  1 

Fine  Ignition  none 

Fusing  7 

Insulation  decomposed  into  smoke  and 

dripping  particles 


TFE 

Hooke  1 

Flame  Ignition  6 

Fusing  7 

Flame  Extinction  8 

Insulation  split  baring  conductor 


V\;\*  v-  • * * '-  ‘ * •' ' | 

fovv-' 


V. 

V* 

^ ’ iZZaZh • - 

• • *n  Mr/iODVO#  * *e/e  « A.  a*  V*  *J»e 


H-Fllm 

Smoke  1 

Florae  Ignition  8 

Fusing  9 

Flame  Extinction  9 

FEP  melted  and  entire  insulation 

system  charred 


6loUi 

Smoke  5 

Flame  Ignitibn  none 

Fusing  15 

Some  charred  remain  on  conductor 
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j All  the  vires  fused  In  3 to  7 seconds.  Both  the  H-Fila  end  8l02jl»  flaiws 

* t 

,;  * burned  for  s few  seconds  after  the  conductor  fused t with  the  810U*  burning  longer. 
The  firs  la  the  TFE  wire  extinguished  Itself  In  less  than  one  second  after  fusing. 


5066  I 

. Snoke  1 

Flans  It  .tlon  none 

Fusing  3 

Insulation  decomposed  into  enoke  and 
j dripping  particles 

I 


70  Amperes 

(all  elapsed  time  in  seconds) 


i. 


1 i '.■  ■■«  T<  * w ».  ijurffrip 

* • * * 
" 

i-^v. 

ia 

1 

lL“  |»'  1 1 

; 

> 

< 

t ‘ 

i ^2  l 

5 

* 

u 

1 

$086  II 

Smoke  1 

Fine  Ignition  none 

Fusing  il 

Insulation  decomposed  into  smoke  and 

dripping  particles 


ms 

Smoke  1 

Flame  Ignition  b 

Fusing  b 

Flme  Extinction  b 

Insulation  split  baring  conductor 


ll-Fllm 

Smoke  * 1 
Flame  Ignition  5 
Fusing  5 
Flame  Extinction  ^ 


FEP  melted  and  entire  Insulation 
system  charred 


Smoke  b 

Flame  Ignition  * 7 

Fusing  7 

Flame  Extinction  13 

Some  charred  remains  on  conductor 


o 
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OBSERVATIONS  AND  FACTUAL  DATA 


7 Conductor  Bundles 

. * 

SSL  Amp  ?rcr. 

The  only  damage  caused  by  the  30  ampere  test  occurred  with  3066  con- 
structions. The  insulation  of  the  Type  I wire  melted  and  charred,  leaving 
parts  of  all  conductors  bare.  The  type  II  construction  also  shored  some 
melting  and  charring. 


40  Atnpere3 

All  of  the  wire  constructions  were  damaged  at  40  amperes. 

The  3086  I damage  was  of  the  came  form  as  that  observed  at  30  amperes, 
but  it  occurred  more  rapidly.  With  $086  II  the  insulation  or.  the  center 
wire  was  completely  consumed,  leaving  only  brittle  fiber  glass  braid  on  the 
oonductor.  Heating  caused  the  twisted  bundle  to  become  quite  loose.  This 
unwinding  effect  was  not  observed  with  the  other  four  wire  types. 


The  TFE  insulation  exhibited  extensive  splitting  leaving  p-**rts  of  til  con- 
ductors in  the  bundle  exposed,  with  two  or  more  uninsulated  wires  in  contact. 
.The  first  instance  of  burning  occurred  at  40  amperes  in  a TFE  wire  ounile.  Tnx 
could  have  been  on  anomalous  result  which  can  only  bo  explained  after  further 

e 

investigation. 


Blocking  was  obsorved  in  all  wire  types  except  JOQo  I,  where  the  insulation 
was  virtually  completely  consumed.  The  most  severe  jJockinc  occurr'-t  with  the 
H-Filn  constructions,  where  the  FSP  bonding  melted  end  flowei  cwnug  oi 
the  wires  in  tho  bundle  to  stick  together. 


I 


$0  Amperes 


At  $0  amperes  fusing  occurred  much  mor«  rapidly;  23  seconds  (5086  II) 
to  Ii7  seconds  (8l0Ui).  As  a result,  the  bundles  ware  exposed  to  elevated  tem- 


peratures for  a shorter  period  of  tine.,  the  ensuing  damage  was  generally  less 
than  that  which  occurred  at  bO  amperes. 

The  second  instance  of  burning  occurred  at  $ 0 amperes  with  5086  II.  The  • 
following  photograph  shows  the  fire,  which  lasted  for  2li  reconds  after  the 
current-carxying  conductor  fused. 


% 

A 


% 


37T,  L. 


5o86  II  • 

7 -Conductor  Bundle 
50  Amperes 
Smoke 

Flame  Ignition 
Fusing 

Flame  Extinction 


7 seconds 
20  seconds 
23  seconds 
1)7  seconds 


60  Amperes  ; 

The  tests  were  terminated  rapidly  at  60  amperes.  Thus  the  effects  were  not 

as  severe  as  those  -observed  at  either  ItO  or  5 0 amperes.  The  most  severe  effect 

• * 

was  the  baring  of  conductors  - in  the  cases  of  the  5086  I wire  where  the  insula- 
tion ‘flows  and  chars,  and  WE  where  the  insulation  splits. 
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YI.  CONCLUSION 


The  observations  and  factual  data  on  the  massive  overload  tests 
indicate  that  moat  types  of  wire  will  bum*  No  ideal  wire  exists 
for  general  purpose  air  frame  application.  Eoweverf  the  maeaive 
overload  tests  Indicate  that  5086  wire  degrades  before  all  the 
other  types  of  wire  tested,  and  that  IHL-W-81044  wire  flame 
ignition* and  fusing  occur  later  than  the  TFE  or  E-film  wire. 

The  longer  time  interval  allows  greater  opportunity  for  the 
circuit  protection  to  op-rato  and  protect  th6  wire  prior  to 
wire  fire  or  wire  fusing.  Aerospace  Safety  Engineering  will 
continue  to  study  this  problem  in  hopes  of  finding  an  even  safer 
wire.  Although  it  is  somewhat  early  to  make  a judgement,  the 
next  step  forward  toward  safety  in  the  wire  field  may  be  an  en- 
tirely new  concept.  Development  in  this  field  will  be  closely 
monitored. 
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operational  ftrk  hazards  v/owniiE'cr 

VJC:  N/A DATE:  30  Jan  1975  HAZARD  HOt 

Kaitt' Tla r'j .-i.-: : wing  rniet/Tobe 


LOS.VTTf Lobe  Panels  and  under  Win}' 

icMTitr:  tknp.^avuiu-;  due  to  normal'  operation1  VJSJmizTioii  y " 

FLA»n-.3L%  KATKRTAL:  JP-4  and  hydraulic  fluid ' 

STATrNtFNT  OF  HAZARD:  1.  Jp-4  leaking  into  wing  fillet  during  aerial  refueling  (AR) 
or  from  a foose  Wiggins  fitting  on  the  APU  fuel  line  and  ignited  by  an  electrical 
malfunction.  2,  JP-4  leak  in  the  area  from  fuel  spilled  during  AR  or  a loose 
Wiggins  fitting  on  the  API)  fuel  line  and  running  down  the  fuselage  into  the  APU 
inlet  cr  exhaust. 

DISCUSSTOH: 

The  APU  fuel  line  in  the  fillet  area  contains  a hard-seal  Wiggins  fitting 
(not  the  flexible  wiggins  fittings)  whiirh  has  a history  of  leakage  due  to 
axial  movement  of  the  fuel  line.  Fuel  can  leak  into  the  wing  fillet/lobc  areas 
either  from  this  fitting  or  from  aerial  refueling.  2*  During  flight  the  fillet/ 
lobe  area  appears  to  be  well  ventilated  and  probability  of  a f ire/explosicn  la  low 

and  damage  would  probably  be  limited  to  the  fillet/lobe  panels.  Sources  of 

ignition  in  this  area  arc  confined  to  the  leading  edge 'lobe  fairing  forward  of 
the  wing  SPARS.  The  sources  are  pressure  vessel  electrical  wiring  feed  through, 
hot  airducts,  AR  isolation  valve,  and  the  cooling  air  fan.  The  most  probable 
source  of  ignition  in  this  area  would  be  a short  in  the  electrical  wiring.  The 
hot  airducts  have  temp,  sensors,  the  AR  isolation  valve  is  hermetically  sealed 

and  the  cooling  air  fan  is  turbine  powered  and  isolated  in  a plenum  chamber. 

Fuel  accumulation  in  this  area  is  unlikely  due  to  the  loose  mating  of  the  fillet 
panel  to  the  fuselage  and  drain  holes  allowing  drainage  down  ths  aide  of  the 
fuselage.  2.  During  ground  operation  fuel  from  AR  or  leaking  APU  fuel  line  in 
the  fillet/lobe  area  running  down  the  fuselage  into  the  APU  intake/exhaust  presents 
tlie  greatest  probability  of  fire/explosion.  The  malfunction  of  the  APU  fuel  line 
presents  the  greatest  hazard  in  that  it  can  support  a fire/ explosion,  whereas  fuel 
from  AR  spillage  would  be  of  limited  quantity. 


CONCLUSION: 

Fuel  leaking  from  the  APU  line  is  a fire  hazard •,  moreso  than  fuel  accumulation 
due  to  AR  spillage.  * . 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 

1)  MAC  should  emphasize  compliance  with  the  T.O.  1C-5A-2-4  procedure  requiring 
APU  area  scan  prior  to  APU  start.  2)  Recommendations  which  may  result  from 
the  present  aerial  refueling  spillage  study  should  be  given  top  priority  to 
correct  the  f ire/explosion  hazards  resulting  from  fuel  spillage.  3)  The  APU 
fuel  line  in  the  wing  fillet  should  be'  modified  by  replacing  the  Wiggins  fitting 
with  a more  reliable  coupling  and  the  lines  should  be  rerouted  with  an  expansion 
loop  to  reduce  axial  loads  in  the  line. 

REPLY/STATUS : (Use  back  if  necessary) 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

VUC:  jxJa DATE*  3Q  jan  1975  HAZARD  NO*  __2 

NOMANCLATURS*  Wing  Pry  Rays 

> 

LOCATION*  In  Wing  box  between  inboard  and  outboard  engines 

IGNITION  TEKPERAfiJIiE  DlfE  TO  NORMAL"  OPERATION"  liA&'i/NCt'ION"  X ' 

FLAMMABLE  MATERIAL*  JP-A/Hydraulic  oil  ” 

STATEMENT  OF  HAZARD;  ~ 

Electrical  wiring  in  this  area  could  arc  from  breakage  qr  damaged  insulation, 
igniting  leaking  fuel. 

DISCUSSION* 

Fuel  lines  in  this  compartment  include  three  shut-off  valves  and  associated 
Wiggins  couplings.  Fuel  leakage  is  possible.  Ventilation  is  provided  in  flight 
to  produce  a change  of  air  each  two  minutes.  Statically  and  during  taxi,  the 
vent  air  flow  through  the  compartment  is  low  to  nil.  Although  all  electrical 
circuits  are  protected  by  circuit  breakers,  an  explosion/ fire  could  occur  if 
there  is  a flammable  mixture  present  at  the  time  the  arc  pccurs.  The  FSS 
provides  detection  and  extinguishing  capability  in  this  compartment  but  would 
not  prevent  an  explosion.  Making  the  compartment  inert  with  LN2  would  resolve 
the  problem  but  would  require  sealing  the  compartment  and  adding  climb  and  dive 
valves  in  each  compartment.  Another  solution  would  be  to  run  the  electrical 
wiring  insid  conduits  to  prevent  damage  which  could  result  in  ignition  of  an 
explosive  mixture.  Since  the  valves  located  in  this  cavity  have  explosion  proof 
motors,  they  arp  not  considered  to  present  any  addition.  1 hazards. 


CONCLUSION* 

It  if  possible  for  a hazardous  condition  to  exist  in  this  compartment. 

PANEL  RECOMMENDATION  * (Use  back  if  necessary)  ju  The  wires  be  routed  through 
conduits  to  prevent  damage  during  maintenance.  2^  Insure  that  an  Inspection  of 
the  wires  is  made  after  maintenance  action  in  the  compartment  prior  to  closure  of 
access  panel. 

REPLY/STATUS  * (Use  back  if  necessary) 
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WJC:  12  AAU 

xrriAScurij^i: 


OPs:K?:n:.v.t.  ktrk  hazard."  wfteicatvir 

date':  30  Jan  1975  HAZARD  NO:  


LOwATIC-:.':  Flight  Engineers  (FE>  Instrument  panel. 

IGNITti’!::  TKKpVfiiAVUIOi  DUN  70  NORMAL  OPEHAT  ION  EjSS^ttOU  X 

FLAMMABLE  MATERIAL:  JU-4  and  hydraulic  fluid 

STAT-M.'AT  0?  HAZARD: 

Flarmuable  fluid  leaking  from  AR  receptacle  coupling  onto  the  Fit  Engineers 
panel. 


DISCUSSION: 

The  refueling  receptacle  coupling  has  an  inner  and  outer  seal  both  of 
which  must  fall  to  allow  leakage. 

The  coupling  can  and  has  leaked  during  or  just  after  aerial  refueling.  In  all 
cases  it  has  been  detected  by  the  flight  crew  before  the  fluid  has  contacted  an 
ignition  source.  The  electrical  components  probably  would  not  ignite  a fire 
unless  a malfunction  of  a component  occurs  at  the  same  time  as  the  leakage  occurs. 

Leaking  fuel  would  probably  leak  into  the  cockpit  area  prior  to  getting  behind  the 
FE's  panel.  This  is  due  to  the  location  of  the  line  low  point  being  below  the 
access  opening  into  the  FE  panel;  however,  a spray  could  get  behind  the  panel 
prior  to  being  detected.  The  fuel  coupling  is  shrouded  which  would  reduce  the 
possibility  of  fuel  spray;  however,  there  is  no  means  of  detecting  a leak  of  the 
inner,  primary  seal.  The  temperature  of  the  malfunctioned  electrical  component 
would  be  detected  prior  to  reaching  a temp,  high  enough  to  ignite  hydraulic 
fluid  or  JP-4  in  a liquid  form. 


CONCLUSION: 

JP-4  can  and  has  leaked  into  thV  cockpit  from  the  AR  receptacle'  coupling  and 
is  a.  hazard.  ) 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 

1)  A method  should  be  devised  to  allow  Inspection  of  the  aerial  refueling 
receptacle  coupling  outer  shroud  for  failure  of  coupling  inner  seal. 

2)  Study  the  feasibility  of  installing  a barrier  or  baffle  to  prevent 
hydraulic  fluid  and/or  fuel  from  spraying  onto  the  flight  engineer's  panel. 
Accomplish  modifications  recommended  as  a result  of  study. 

REPLY/STATUS : (Use  back  if  necessary)  I 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

VUC:  Numerous  DATE;  30  Jan  1975 HAZARD  NO:  A 

NQMANCLATURE:  AC/DC  Electrical  Power  and  Distribution  £ys 

LOCATION:  From  Engine  and  APU  generators  6i~external  Power  RecepcacTe"Tb  Circuit  Breaker 

' IGNITION  TEMPERATURE  DUETO  NORMAL"  OPERATION KOJUNCTION Panels. 

FLAMMABLE  MATERIAL:  Hydraulic  Fluid/Oxygen/Oil/JP-A  “ 

STATEMENT  OF  HAZARD:  . 

Possibility  of  malfunctioning  electrical  wiring  igniting  a combustible. 


DISCUSSION: 

Review  of  the  following  item  installation  was  accomplished:  a.  Engine  generators 

and  feeder  system,  b^  APU  generators  and  feeder  system,  c^  AC/DC  electrical 
feeder  system,  d^  AC  load  distribution  panel,  e^  Generator  dnd  bus  tie 
contractors,  External  power  plug,  External  power  contactor,  h^  Trans- 
former rectifiers. 

problems  were  noted  in  the  following  areas:  a^  Aluminum  wire  is  used  from  the 

pylon  disconnect  to  the  AC  load  center  in  the  generator  system.  This  has  been 
a problem  on  previous  aircraft  because  vibration/aging  causes  this  type  wire 
to  become  stiff,  brittle  and  subject  to  breakage,  b^  Generator  wiring  in  the 
engine,  pylon  and  APU  is  subject  to  frequent  saturation  with  hydraulic  fluid, 
c.  AC  feeder  wires  under  the  catwalk  on  the  right*  side  of  the  aircraft  are 
subject  to  frequent  hydraulic  saturation  where  they  pass  the  two  hydraulic  service 
centers,  cL_  Initially  installed  wire  bundle  clamps  have  deteriorating  insulator. 
This  item  is  covered  separately  (See  Hazard  Worksheet  No.  6).  e,  Damaged  or 
missing  wiring  feed-through  grommets  behind  the  navigator's  panel  have  caused 
deterioration  of  Insulation,  arcing,  and  fire.  This  area  has  been  thoroughly 
inspected  and  the  situation  corrected.  However,  there  are  numerous  other  areas 
‘in  the  aircraft  where  such  grommets  are  used.  These  areas  have  not  been  subjected 
to  thorough  inspections. 


CONCLUSION: 

Further  action  is  required  on  the  problem  items. 


PANEL  RECOMMENDATION : (Use  back  if  necessary)  L Establish  optimum  time  change  period 
for  the  aluminum  wiring.  Installation  of  copper  wiring  at  this  time  is  recommended. 
Review  inspection  criteria  of  areas  susceptible  to  hydraulic  saturation  to  determine 

adequacy.  2.  Establish  an  Analytical  Condition  Inspection  (ACI)  requirement  to 
Inspect  the  wiring  feed-through  grommets. 


REPLY/STATUS : (Use  back  if  necessary) 


OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

VUC:  44  ---  DATE:  30  Jan  1975  HAZARD  NO:  5 

NQMANCLaTURE:  Exterior  Lighting 

LOCATION:  Winn  tip,  NLG,  MLG,  Fuselage,  Empenage 

1 IGNITION  TFJHPERATuRE  DUE  TO  NORMAL  OPERATION  X MALFUWi'fldH  * " 

FLAMMABLE  MATERIAL:  llvdraulic/jP-4  

STATEMENT  OF  HAZARD:  

Possibility  of  external  lighting  system  causing  fire. 

• 

DISCUSSION:  The  navigation,  wing  leading  edge,  and  upper  anti-collision  lights  were 

reviewed  and  little  chance  of  any  malfunction  occurring  when  a combustible  is  avail- 
able. The  lower  anti-collision  light  is  subjected  to  hydraulic  fluid  but  the  operating 
and  malfunction  temperatures  are  reported  below  the  danger  point.  The  taxi  lights 
wiring  could  possibly  arc  to  the  airframe  if  a taxi  light  is  lost  in  flight. 

Probability  of  ignition  of  hydraulic  fluid  is  low  due  to  the  airflow  through  the  areas 
during  flight  and  taxi.  The  landing  lights  would  be  subjected  to  JP-4  during  taxi 
if  leaks  occur  outboard  of  pylons  one  and  four.  Probability  of  lamp  induced 
combustion  is  considered  low  due  to  airflow,  fuel  could  get  to  wire  from  power 
transformer  to  the  lamp.  This  wire  could  and  has  overheated  if  lamp  is  used  for 
an  extended  period,  or  if  a 1000  watt  lamp  is  installed  in  lieu  of  the  600  watt 
lamp.  Lockheed  reports  900°  F temperature  at  lamp  contacts  with  1000  watt  lamp 
installed.  This  will  radiate  back  through  wire.  Additional  temperature  data  is 
shown  on  page  69.  ’• 


CONCLUSION: 

A hazard  exists  if  the  temperature  of  the  landing  light  wire  from  the  lamp  to 
the  transformer  exceeds  the  JP-4  ignition  temperature. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 

A study  should  be  made  to  determine  the  max.  length  of  time  allowed  for  operation 
of  landing  lights  and  restrictions  incorporated  in  the  Dash  1 to  preclude  over- 
heating of  landing  lights/wiring. 

REPLY/STATUS : (Use  back  if  necessary) 
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HAZARD  NO.  5 


LANDING  LIGHT  TEMPERATURES 

ALL  TEMPERATURES  WERE  TAKEN  WITH  THE  LIGHT  RETRACTED 


BULB 

10  MIN. 

20  MIN. 

30  MIN. 

60  MIN. 

120  MIN. 

STABILIZED 

1000  Watt 

300®F 

380*F 

455*F 

520*  F 

560*F 

61C*F 

600  Watt 

165*F 

220*F 

255*F 

320*  F 
* 

375*F 

415°F 

1000  Watt 

150*F 

170*F 

203*F 

265*F 

308*  F 

365*F 

600  Watt 

N/A 

- 

- 

m 

250*  F 

1000  Watt 

137*F 

175*F 

205*F 

255*F 

290*F 

360*  F 

600  Watt 

N/A 

m 

- 

- 

m 

224*F 

1.  Temperature  pick-up  on  wire  immediately  outside  of  insulator. 

2.  Temperature  pick-up  adjacent  to  clamp  about  4 inches  up  from  #1. 

< 

3.  Temperature  pick-up  between  canopies  which  separate  door  actuator  and  bulb. 


Wire  is  made  in  two  parts.  The  first  part,  about  2^  to  3 Inches  adjacent  to  the 
bulb,  is  nickel  plated.  It  then  splices  to  tinned  copper  wire.  The  jacket 
is  silicone  impregnated  fiberglass  and  is  good  for  392°F  (200°C). 
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operational  fire  hazards  worksheet 


VUCs DATE;  qn  .i.in  1Q7S  HAZARD  NOt  6 

KOKAiJCLATU.IZ : Clamps  supporting  wiring  and  hydraulic  lines 

LOCATION:  Throughout  the  aircraft 

IGNITION  TEKP2HAVJ;t2  DUE  TO  NORMAS  OPERATION  kALFlRCfiGJ'T' 

FLAMMABLE  MATERIAL:  Hydraulic  fluid/ oxygen/ JP-4 

STATF^N?  OF  HAZARD:  

Deterioration  of  insulators  on  initially  installed  clamps  causing  chafing  of 
electrical  wires,  and  hydraulic  lines. 


DISCUSSION: 

1.  The  insulators  on  the  majority  of  the  originally  installed  clamps  are  age 
deteriorating  with  the  consequent  hazard  of  worn  wires  arcing  and  hydraulic 
leaks.  Ic  has  previously  been  determined  that  the  clamps  will  be  replaced 
with  standard  MS  type  ones  on  a conditional  basis  during  base  and  depot  mainten- 
ance.  Many  of  the  clamps  are  extremely  Inaccessible  and  some  are  accessible  only 
during  PDM.  This  inaccessability  hampers  proper  conditional  Inspection  increasing 
the  probability  of  chafing  causing  electrical  shorting  and  hydraulic  leakage. 
Replacement  of  all  the  originally  installed  clamps  regardless  of  condition 

would  be  required  to  eliminate  the  hazard. 

2.  In  addition,  the  clamps  supporting  the  hydraulic  lines  in  the  vertical 
stabilizer  are  breaking.  This  has  Leen  attributed  to  vibration  and  flexing  of 
the  tail. 


CONCLUSION: 

Further  .tctlon  is  required  to  assure  replacement  of  the  original  design  clamps 
and  to  provide  a clamp  capable  of  surviving  the  vibration  and  flexing  in  the 
empennage . 

PANEL  RECOMMENDATION:  (Use  back  if  necessary)  1.  The  C-5  should  be  purged  of 
all  clamps. of  the  deficient  design.  This  should  be  accomplished  expeditiously 
on  seme  basis  other  than  the  presently  specified  replacement  only  for  worn/ 
deteriorated  condition.  2.  A better  clamp  should  be  identified/developed  to 
support  the  hydraulic  lines  in  the  empennage. 

RS PLY/STATUS  t (Use  back  if  necessaiy)  * 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


WUC*  23  DATEi  30  Jan  197i  HAZARD  NOt  7 

NOMANCLaTUKE:  Engines  ~~  ' 

LOCATIONS  ' 

ignition  temperaTOrTETE  t6  Ro;i r-lOT” rat'  i 6 rJ RaEfiTncTT® 

FLAMMABLE  MATERIALS  Engine  oil,  Hydraulic  oil,  JP=J?  deicing  fluid-STPr  elect.  wiring. 
STATEMENT  OF  HAZARDS  7 — 

Ignition  of  flammable  material  by  hot  surface,  failed  rotating  equipment,  shorted 
electrical  wiring,  hot  gas  leakage  or  malfunctioning  electrical  components. 

DISCPSSIQNt 

All  engines  are  susceptible  to  fire  due  to  hot  operating  conditions,  accessory 
failures,  and  the  presence  of  flammable  material.  The  C-5  engines  have  fire 
detector  loops  in  the  accessory  section  and  apron  an:1  a two  shot  halon  1202  (DB) 
fire  fighting  capability.  The  main  problems  have  been  in  vapor  barrier  leakage 
combined  with  hydraulic  pump  failure,  or  fuel  leakage.  One  incident  is  believed  to 
have  been  caused  by  deicer  fluid.  All  necessary  actions  ,to  correct  these  problems 
are  believed  to  have  been  taken. 

Explosions  originating  aft  of  the  vapor  barrier  could  have  possibly  been  prevented 
if  there  had  been  better  circulation  of  air  on  the  R.H.  side  of  the  combustion 
section  of  the  engine.  Recoup  air  outlets  presently  provide  circulation  on  the 
top,  bottom  and  L.H.  side  of  the  engine. 


CONCLUSIONt 

Problems  with  the  vapor  barrier  and  poor  air  circulation  on  the  R.H.  side  of 
the  engine  contribute  to  the  fire  hazard  potential  on  the  engine. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary)  \ 

A study  should  be  made  to  determine  the  feasibility  of  improving  the  integrity 
of  the  vapor  barrier  and  improving  air  circulation  pn  the  right  hand  side  of 
the  engine  combustion  section.  If  feasible,  the  necessary  modifications  should 
be  accomplished. 

REPLY/STATUS:  (Use  back  if  necessary)  ‘ \ 


OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


45AEA/ 

WU C:  CEA/EEA/CEA  DATE:  30  Jan  1975  HAZARD  NO:  8 

NOMANCL ATU.-ir: : Engine  driven  hydraulic  pumps ~ 

LOCATION:  Engines  ' 

IGNITION  TEMPERATURE  DUE  TO  NORMAL"  OPERATION  ' "Iftljl/NCTl ftF  X' ' 

FLAMMABLE  MATERIAL:  Hvdraulic  fluid 

STATEMENT  OF  HAZARD:  

A ruptured  hydraulic  pump  provides  hydraulic  fluid  into  the  engine  cowling,  which 
could  be  ignited. 

DISCUSSION: 


Recent  failures  of  some  hydraulic  pumps  have  resulted  in  broken  cases.  This 
allows  hydraulic  fluid  into  the  engine  cowl  where  the  high  temp,  environment 
aft  of  the  vapor  barrier  can  easily  result  in  ignition.  The  most  probable  cause 
of  case  rupture  is  overpressure  due  to  case  drain  flow  restriction.  Case  drain 
flow  monitors  sre  available  in  KADARS. 

A majority  of  pump  failures  are  internal,  not  allowing  extensive  external  fluid 
loss. 

This  area  is  covered  by  the  engine  fire  fighting  system. 


CONCLUSION: 

A ruptured  hydraulic  pump  case  can  result  in  an  engine  fire. 

Fire  fighting  is  available. 

PANEL  RECOMMENDATION:  (Use  hack  if  necessary) 

MAC  should  emphasize  the  importance  of  noting  case  drain  flow  failure  printouts 
from  MADARS.  Correction  of  the  cause  for  each  such  failure  message  can  help 
preclude  engine  fire. 


REPLY/STATUS:  (Use  back  if  necessary) 


OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

WUCi  OATEs  30  Janl975  HAZARD  NO: 

NOMANCLATUREt  Pylons 


LOCATION:  

IGNITION  TEMPERATURE  DUE 

FLAMMABLE  MATERIALS  

STATEMENT  OF  HAZARD: 


-fS  NORMAL  OPERATION  MALFUNCTION 

Hydraulic  Fluid.  JP-4  & electrical  wiring 


Ignition  of  leaking  hydraulic  fluid  or  JP-4. 


DISCUSSION: 


Bleed  air  ducts,  electrical  wires  and  electrical  components  are  possible 
ignition  sources.  Fire  has  also  spread  through  the  fire  wall  from  an  engine 
fire  in  the  past.  Leakage  of  fuel  from  fuel  lines  has  also  been  a problem 
in  the  past,  but  has  apparently  been  corrected.  The  area^ is  well  ventilated. 
It  will  be  protected  by  the  FSS  when  installed. 


CONCLUSION: 

Probability  of  ignition  low  except  for  burn  through  of  engine  fire. 

* 

PANEL  RECOMMENDATION:  (Use  back  if  necessary)  * 

Expedite  installation  of  new  fire  wall  seal  being  developed  under  MIP  SANBM  74-0096. 


REPLY/STATUS:  (Use  back  if  necessary) 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


WUC: 14j_GA DAT  El  30  Jan  1975  HAZARD  NO:  10 

NOMANCLATURE:  Flan  Po'./or  Pack  Assy 

LOCATION:  Center  R«_ar  Wing  Beam 

IGNITION  TEMPERATURE  DUE  TO  NORMAL  OPERATION  '"HALFUNCfM 

FLAMMABLE  MATERIAL:  Hydraulic  

STATEMENT  OF  HAZARD:  ' 


Power  pack  components  overheat  due  to  malfunction  and  ignite  hydraulic  fluid. 


DISCUSSION: 

i ■ ■-  • ■ ■ i 0 

Electrical  components  are  solenoids  and  switches.  System  is  protected  by 
circuit  breakers.  Solenoids  are  explosion  proof.  The  flap  power  pack  is  run 
Intermittently  for  short  periods  so  components  would  not  overheat  to  temperature 
required  for  ignition.  Area  is  vented  so  vapors  would  not  likely  build-up. 

Hydraulic  manifold  has  past  history  of  failure.  Although  fluid  would  not  likely 
ignite  in  immediate  area,  the  volume  of  fluid  and  run  off  paths  could  provide 
fuel  to  other  possible  ignition  sources.  Manifolds  have  been  redesigned.  Units 
arc  being  procured  on  priority  basis  but  are  scheduled  for  replacement  on 
attrition  basis.  The  hazards  of  spilled  hydraulic  fluid  and  operation  with  one 
system  lost  will  remain  until  all  units  have  been  replaced. 

Area  will  be  protected  by  FSS. 


CONCLUSION: 

Probability  of  ignition  is  low.  Hydraulics  could  provide  fuel  for  other  ignition 
source. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary)  l 

Replace  manifolds  as  available  rather  than  by  attrition. 


REPLY/STATUS:  (Use  back  if  necessary) 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


VUC:  45  JOO  DAT Ei  30  Jan  1975  HAZARD  HO:  11 

NOMANCIaTURE:  2/3  Power  Transfer  Unit  (PTU) ~~ 

LOCATION:  Center  Wing  rear  beam  comp,  fwd  of  aft  troop  comp. 

IGNITION  TEMPERATURE"  DUE- TO  NORlMTOPERATlM  ^HALFUNCTfOfT'T — 

FLAMMABLE  MATERIAL!  Hyd  fluid  

STATEMENT  OF  HAZARD!  “ ~ 

• 

Failure  of  cartridge  valves  in  PTU  can  spray  hyd  fluid  throughout  the 
ving  rear  beam  compartment. 

DISCUSSION i 

Recently,  failures  have  been  experienced  on  the  2/3  PTU  in  which  cartridge  valve 
heads  have  been  blown,  spraying  hyd  fluid  Into  the  wing  rear  beam  compartment. 
Possible  ignition  sources,  discussed  in  other  worksheets,  include  electrical 
wiring,  flight  control  servos,  and  motor  driven  valves. 

Similar  failures  have  not  been  encountered  on  the  1/2  or  .3/4  PTU's,  which 
are  located  below  the  hyd  reservoir  level. 

The  possibility  of  the  PTU  overheating  to  an  ignition  temperature  was  considered 
negligible. 


CONCLUSION! 

This  area  is  protected  by  the  FSS.  Known  failure  of  the  2 to  3 PTU  can  provide 
a hyd  fluid  fuel  constituting  a fire  hazard. 

> 

PANEL  RECOMMENDATION!  (Use  back  if  necessary)  * 

Continue  Investigation  of  this  problem  under  MIP  SANBM  74-0520. 


REPLY/STATUS!  (Use  back  if  neceee«u-y) 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

WUC:  45  JOO  DATE:  30  Jan  1975  HAZARD  NO:  _J£ 

NQMANCTaTU.RE:  1/2  and  3/4  Power  Transfer  Urits  (PTU) 


LOCATION:  FWO  M.7..G.  FAIRINGS 

IGNITION  TEMPERATURE  DUE  TO  NORMaE  OPERATION  MALFUNCTION  X 

FLAMMABLE  MATERIAL:  Hvd  fluid 

STATEMENT  OF  HAZARD:  ‘ 


Failure  of  PTU*.;  could  result  in  spray  of  hyd  fluid  in  the  FWD  M.L.G.  FAIRING 
AREA. 

DISCUSSION: 


The  2/3  PTU  is  known  co  fail  in  such  a manner  as  to  spray  hyd  fluid  (see 
worksheet  on  2/3  PTU).  If  the  1/2  or  3/4  PTU  fails  in  the  same  manner,  it 
could  provide  fuel  for  an  undetected  fire. 

Thesi  PTU's  have  not  had  failures  of  the  same  type  as  ther  2/3  PTU.  The 
probability  of  overheating  to  ignition  temp  is  considered  negligible. 

FSS  zone  fire  fighting  will  cover  this  area  upon  installation;  however, 
until  then,  a fire  could  go  undetected  in  this  area. 


CONCLUSION: 

Although  a fire  is  not  likely  to  occur,  fiammsbles  may  be  present  due  to 
PTU  failure.  Present  methods  would  not  detect  such  a fire. 

PANEL  RECOMMENDATION : (Use  .back  if  necessary) 

1)  T.  0.  1C-5A-1  should  be  revised  to  add  the  following:  If  a PTU  malfunction 
occurs  during  1/2  or  3/4  PTU  operation  in  flight,  perform  an  inspection  of  the 
adjacent  cargo  compartment  sidewall  for  indications  of  heat.  2)  T.  0.  1C-5A- 
2-3  should  be  revised  to  add  the  following:  If  a PTU  malfunction  occurs  curing 

ground  operation,  open  access  panel  and  inspect  area  for  evidence  of  fire  (prior 
to  FSS). 

REPLY/STATUS:  (Use  back  if  necessary) 


76 


i 


r 


/ / 
/ ;./ 


OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


WUC:  42AAC  DATE:  30  Jan  1975  HAZARD  NO:  13 

NOMANCLATU RE : Aircraft  Batteries 

LOCATION:  R.'  Fwd  Cargo  Compartment 

' IGNITIO'i  TEMPERATURE  DUE  TO  NORMAL  OPERATION'  ~X  ""'MALFUNCTION  "T 
FLAMMABLE  MATERIAL:  Hydrogen/some  cargo  loads 

STATEMENT  OF  HAZARD:  * ” 


Battery  explosion  during  charging. 

DISCUSSION : These  nickel  cadmium  batteries  are  very  low  capacity  (5  ampers  hour). 

The  reliability  of  the  cells  used  in  the  C-5  is  very  low.  Apparently  the  load 
connected  to  these  batteries  when  they  are  used  as  a sole  power  source  is  at  or 
above  their  capability.  Frequently  when  these  batteries  are  being  re-charged 
after  use  a condition  called  thermal  runaway  occurs.  When  this  happens  the 
electrolyte  in  the  weakest  cells  boil  off  producing  hydrogen  gas.  When  the  elect- 
rolyte level  is  depleted  the  cells  overheat  badly  enough  to  melt  their  outer  case  and 
ignite  the  hydrogen  gas  in  the  battery  case.  To  date  the- resultant  explosions  have 
been  very  small  and  usually  are  undetected  until  the  battery  is  removed  to  the  battery 
shop  for  failure  or  periodic  (70  day)  repair  and  capacity  check.  The  batteries  are 
located  in  and  vented  to  the  cargo  compartment.  There  is  little  access  to  any  fuel 
sufficient  to  subsuain  a fire  witu  the  exception  of  vapors  from  certain  cargo  loads. 

DC  power  is  required  to  operate  the  FSS.  The  batteries  are  the  only  source  of  DC  power 
in  an  emergency  where  all  the  AC  generators  and  the  emergency  generator  are  off/ failed. 
The  batteries  will  not  provide  sufficient  power  for  operation  of  the  FSS  if  not  fully 
charged  or  at  temperatures  below  -40°F.  The  batteries  are  used  for  other  applications 
so  would  not  necessarily  be  at  full  charge  when  needed.  Installation  of  a charging 
rate  control  would  decrease  the  likelihood  of  fire/explosion  but  would  not  solve  the 
FSS  power  problem.  A higher  capacity  battery  would  provide  the  FSS  the  needed 
electrical  power  and  greatly  reduce  the  likelihood  of  battery  explosion. 


CONCLUSION: 

1.  The  batteries  constitute  a fire /explosion  hazard. 

2.  The.  batteries  are  not  adequate  to  assure  FSS  operation  when  needed. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary)  » 

Install  higher  capacity  nickel  cadmium  or  lead  acid  batteries. 
REPLY/STATUS : (Use  back  if  necossary) 
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0PF.RATT0NA7,  FIRS  HAZARDS  WORKSHE'TT 


WUC: DATE:  30  Jan  1975  HAZARD  NO:  14 ■ 

NOMALCLATURr..:  fiiin.  iH'ain  System  

LOCATION  : _Ma_in_  (V.-r  We  1 1 O.i  ly 

IGNITION  TEMPERATURE  DUE  T<J  NORMAL  OPERATION  MALkViJG'TXSTS! 

FLAKMAFLF  MATERIAL;  Hvd  ruulic  Fluid 

STATEMENT  0?  HAZARD;  

Gear,  Circs,  and  wheel  well  being  saturated  with  fluid  from  a leaking  or  broken* 
drain  line  *m<!  fluid  being  ignited  by  a hot  brake. 

DISCUSSION: 

Flastic  drain  lives  in  ML.C  wheel  well  areas  arc  breaking  and  splitting  due  to 
altitude  cold  soaking,  wind  blast,  and  vibration.  Even  when  properly  installed, 
the  lines  sag  between  clamps  providing  low  areas  for  collection  of  hydraulic 
fluid  and/or  water  (accumulated  from  flushing  down  of  hydraulic  or  cargo  leaks 
inside  cargo  compartment).  Water  freezing  at  altitude  may  be  cause  of  reported 
splitting.  Accumulated  hydraulic  fluid,  or  fluid  lost  during  flight  from  seal 
drains  or  overflowing  reservoir,  can  flow  onto  wheels  or  brakes.  The  rubber 
tires  will  not  absorb  the  fluid  and  only  a limited  amount  can  remain  on  the 
brake  surface  to  be  heated  at  ignition  temp.  Once  the  lines  drained,  there 
would  be  no  further  supply  to  sustain  a fire.  This  area  will  eventually  be 
protected  by  FSS.  Actions  are  already  in  effect  to  detect  possibility  of  hot 
brakes  during  taxi  or  take-off.  Hot  brakes  on  RTO  or  landing  do  not  constitute  a 
hazard  in  this  case. 
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CONCLUSION: 

There  is  a limited  potential  for  fire  in  this  area. 

PANEL  REC0MMI1NDATI0N1:  (Use  back  if  necessary) 

1)  The  straight  runs  of  4lastic  tubing  between  MLG  wheels  should  be  replaced 
with  a more  durable  tubing.  Lightweight  aluminum  tubing  might  be  suitable. 

2)  I Until  replacement  is  accomplished,  T.O.  1C-5A-6  should  be  revised  to 

require  regular  inspection  of  these  lines  for  leaks,  breaks,  or  splits;  or  . 
collection  of  fluid  at  low  points.  3)  Until  replacement  is  accomplished, 
T.O.  1C-5A-1  should  be  revised  to  add  the  following:  In  case  of  reservoir 

overflow  during  flight,  monitor  wheel  well  area  for  evidence  of  fire 
(p**ior  to  FSS) . 

REPLY/STATUS ; (Use  back  if  necessary) 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

VUC:  42  GAA  DATE:  30  Jfln  1975  HAZARD  NO:  15 

NQMANCLATURE:  Emergency  Generator " 


LOCATION:  Number  two  hydraulic  service  center'  L. 

IGNITION  TEMPERATURE  DUETTO  NORMAL  “OPERATION" 
FLAMMABLE  MATERIAL:  Hydraulic  Fluid 

STATEMENT  OF  HAZARD:  


cargo  "compartment. 


Malfunction  of  the  emergency  generator  contactor  causing  the  emergency  generator 
to  overheat. 

DISCUSSION: 


The  RAT  deployment  accumulator  and  several  hydraulic  lines  are  above  the  emergency 
generator.  Leakage  and  fluid  spills  in  this  area  are  frequent.  Pooling  of  fluid 
in  and  under  the  generator  is  possible.  The  emergency  generator  contactor  connects 
the  generator  to  the  emergency  bus  when  failure  occurs  in  the  AC  or  DC  systems. 

This  contactor  has  a history  of  failure  even  after  Safety  TCTO  1C-5A-1344  is 
accomplished.  When  the  contactor  fails,  it  connects  the  -generator  to  AC  power 
from  other  sources.  This  causes  the  generator  to  try  to  act  as  a motor,  but  it 
stalls  because  the  hydraulic  pressure  is  shut  off  to  the  hydraulic  drive  motor  for 
the  generator.  This  causes  the  generator  windings  to  heat  up  to  their  melting 
point.  The  generator  case  temperature  can  get  above  the  ignition  temperature  of 
hydraulic  fluid.  The  generator  is  located  behind  soundproofing  adjacent  to  the 
number  two  hydraulic  system  service  center.  This  area  is  protected  by  smoke 
detection  and  will  be  protected  by  FSS,  but  a fire  behind  paneling  would  probably 
be  quite  large  before  it  would  be  detected. 


CONCLUSION: 

The  emergency  generator  contactor  failures  represent  a source  of  ignition. 

V 

PANEL  RECOMMENDATION:  (Use  back  if  necessary)  y 

1.  Install  warning  system  to  indicate  contactor  failure. 

2.  Install  contactor  with  higher  reliability. 

REPLY/STATUS : (Use  back  if  necessary) 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 
13CGO/72CAO/13EEI) 

WUC: DAT  Hi  30  Jan  1973  HAZARD  NO:  16  

NOMNCLATJrE:  Cros.-wlnd  Computer  Radav  Altimeter  and  Anti-Skid  Control  Box 


LOCATION:  L & R Cargo  Area 


IGNITION  TEMPERATURE  DUE  TO  NORMAL  OPERATION 


FLAMMABLE  MATERIAL: 
STATEMENT  OF  HAZARD 


Hydraulic  fluid 


MALFUNCTION  X 


Possibility  of  malfunctioning  the  Crosswind  Computer,  Radar  Altimeter  or 
Anti-Skid  Control  bo::  igniting  a combustible. 


DISCUSSION: 

The  crosswind  computer  could  be  saturated  with  hydraulic  fluid  from  an  overhead 
leak.  Malfunction  temperature  of  the  cards  is  not  known.  The  radar  altimeter 
and  the  anti-skid  control  box  have  protective  covers  installed  to  prevent 
leaking  hydraulic  fluid  from  contacting  them.  All  three  ui its  are  located 
in  t*he  cargo  area  with  smoke  detection  available.  The  cro'swind  computer 
and  the  anti-skid  box  are  casil)  accessible  for  on  board  .fire  fighting 
equipment.  The  protective  cover  can  easily  be  broken  for  access  to  the  radar 
altimeters.  Will  be  protected  by  FSS. 


CONCLUSION: 

A hazard  exists  in  the  crosswind  computer  if  the  temperature  of  the  cards 
exceed  the  ignition  temperature  of  fuel  and  oil  vapors. 


PANEL  RECOMMENDATION:  (Use  back  if  necessary)  A study  be  conducted  by  ASD/ENJPF  to 
determine  the  temperatures  to  which  the  failed  printed  circuit  cards  have  been  exposed 
2,  If  the  ASD  study  indicates  the  failing  cards  are  a serious  heat  source,  the  units 
should  be  shielded  or  otherwise  isolated  from  fuel  sources,  similar  to  the  Radar 
Altimeter  and  Anti-skid  Control  Box  Shielding. 

REPLY/STATUS : (Use  back  if  necessary) 
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OPERATIONAL  FJP.E  HAZARDS  worksheet 


WC: DATE;  30  Jan  1975 

ATJRB : Troop  Compartment  Grill 


HAZARD  NO: 


17 


lcxiatip:.: 

ioni Tin:  temperature  due  to  "To:I’<aL  opera?  ion  x 

FLA’PCABLE  MATERIAL:  General  Cargo 

STATED, T 0E  HAZARD: 


KALj'U.'^TW 


Lighted  cigarette  drop  onto  cargo  through  the  open  grill, 


discussion: 

The  system  safety  group  has  previously  discussed  this  potential  problem. 

A cigarette  can  be  dropped  on  to  cargo  below  and  go  undetected'  and  a fire 
could  be  starced. 

LGC  has  stated  that  any  protective  screen  would  restrict  air  flow  that  would 
be  required  during  a rapid  decompression. 


CTN^lUSaON:  This  a potential  fire  hazard. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 

The  crew  should  be  included  in  the  loadmasters  briefing  covering  smoking 
restriction,  in  T.O.  1C-5A-1.  MAC  should  enforce  the  existing  requirement 
that  crew  and  passengers  not  be  allowed  to  smoke  in  the  troop  compartment 
unless  they  are  seated  in  the  troop  area. 

REPLY/STATUS : (Use  back  if  necessary) 


OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


VUC:  13  — DATE:  33  Jan  1975  HAZARD  NO:  18 

KQMANCLATU.RE:  MLG  Extend /Retract  Sys  ~ 

LOCATION:  MLG  wheel  Wells  

IGNITION'  TF.NPK.RATtJ.iE  DUE  TO  ROR.'-NVL"  OPE. RAT  ION* K^FWIIOirT 

FLAMMABLE  MATERIAL:  Hydraulic  fluid 

STATEMENT  OF  HAZARD:  ~ — 


Overheating  of  a MLO  cxtend/retract  component,  such  as  a main  gearbox  assy 
clutch  or  electric  motor,  might  ignite  leaking  hydraulic  fluid. 

DISCUSSION: 

MLG  components  were  evaluated  as  possible  ignition  sources  in  a failure  mode. 

Only  two  components  were  identified  as  possibly  achieving  ignition  temp.  The 
hyd  actuated  clutch  can  6lip,  causing  significant  overheating.'  Recent  modifica- 
tions to  the  main  gearbox  are  thought  to  have  eliminated  this  slippage  problem; 
however,  a recent  failure  has  been  reported  and  a UR  exhibit  has  been  requested. 

Failures  on  the  electric  motor  have  been  through  stalling  and  burning  out;  however, 
the  motor  is  used  only  on  emergency  extension.  Detection  and  fire  fighting 
capability  on  the  ground  is  considered  adequate. 

As  discussed  in  the  worksheet  on  MLG  brakes,  this  area  is  now  having  detection 
installed  and  will  receive  fire  fighting  in  FSS. 


CONCLUSION:  An  overheated  clutch  in  the  main  gearbox  can  serve  as  an  ignition  source. 

Detection  will  be  adequate  with  expedited  installation  of  partial  FSS,  and  fire 
fighting  will  be  covered  by  full  FSS. 

PANEL  RECOMMENDATION:  (Use  hack  if  necessary) 

1)  MAC  should  continue  inspection  procedures  established  by  MAC  message  DO/LG/IG 
061715Z  Jan  75  until  fire  detection  is  installed.  2)  Cause  of  failure  for 
modified  clutch  assembly  should  be  determined  and  appropriate  setion  taken. 
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OPERATIONAL  FIRS  HAZARDS  WORKSHEET 

VUC:  13  EOO/13  LAA  DATE:  30  Jan  1975  HAZARD  NO:  19 

KOMAKCLATURE : MLG  Brakes  6«  Tires  ~ **~ 

LOCATION:  MLG  Wheel  Wells  “ 

IGNITION  TF-MPESATlTilS  DUE  TO  NORMAL ' GPKHXSWH  X MALFUNCTION  * 

FLAMMABLE  MATERIAL:  Hyd  fluid /Rubber  tires  

STATEMENT  OF  HAZARD:  

Overheated  brakes  or  tires  igniting  hyd  fluid  and/or  tires. 


DISCUSSION t 

Brakes  can  generate  temp  enough  for  auto-ignition  of  hyd  fluid.  Tires  can 
conceivably  be  ignited  by  scrubbing  on  runway.  On  ground  detection  and 
fire  fighting  is  considered  adequate,  therefore,  retracted  gear  is  considered 
here  in. 

Hyd  fluid  is  available  from  several  sources:  hyd  drain  lines,  ATM  panels, 

brake  lines,  etc.  A failure  or  melting  of  any  of  these  can  ignite  or  feed 
an  existing  fire. 

The  detection  portion  of  the  FSS  wheel  well  installation  is  being  expedited. 

Interim  procedures,  required  by  MAC,  include  wheel  well  inspections  after  take-off. 

San  Antonio  ALC  is  developing  an  ATM  panel  shield  to  reduce  heat  access  to  and 
fluid  spray  from,  the  panel.  A rood  proposal  for  installation  of  hyd  fuses  in 
the  MLG  anti-rotation  system  hyd  lines  ia  being  considered  by  the  AFLC  Configura- 
tion Control  Board  for  prevention  of  complete  hyd  system  drainage  into  the  wheel 
well. 


CONCLUSION:  Present  inspection  procedures  are  adequate  to  detect  any  such  fire  early. 

Detectio-  system  will  allow  discontinuation  of  insp.  FSS  zone  fire  fighting  will 
provide  protection  when  installed.  Hyd  fuses  in  all  wheel  well  lines  will  limit 
fuel  quantity  if  fire  develops. 

PANEL  RECOMMENDATIONS;  (Use  .back  if  necessary) 

1)  MAC  should  continue  i .spection  procedures  established  by  MAC  message  DO/LG/lG 
061715Z  Jan  75  until  fire  detection  is  installed.  2)  Installation  of  fuses  in 
any  presently  unprotected  hydraulic  lines  in  the  landing  gear  system  should  be 
expedited.  . 

REPLY/STATUS:  (Use  back  if  necessary) 
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OPERATIONAL  FIRS  HAZARDS  WORKSHEET 

VJC:  _jA1CCE DATEt  30  Jan  1975  HAZARD  NO:  20 

KOMAKCLAT'dRE:  Underfloor  Heat  System  Fans 

LOG  ATI  ON':  3 Locations  on  left  side  under  cargo  compartment  IToorTTTST  750 

IGNITION  T^T£^fJi(O'^TT0  NORMAL  OPERATION  MAEfO iSflaTTr-  M9? 

FLAMMABLE  MATERIAL:  1750 

STATEMENT  0?  HAZARD: 

Aluminum  fan  blade  tips  could  rub  on  fan  housing,  generating  heat  and  ignition 
vapors  in  and/or  surrounding  the  fan  housing  and  ducts. 

DISCUSSION: 

The  fan  blades  have  approximately  0.003  inches  tolerance  (clearance)  between 
tips  and  fan  housing.  Loose  motor  mounts'  or  bad  bearings  coul^d  cause  fan  blade 
wobble,  tip  rub  and  subsequent  friction  heat.  Flammable  vapors  from  cargo  spills, 
or  aircraft  fuel  or  hydraulic  oil  could  be  drawn  through  the  environmental  air 
ducts.  If  these  two  conditions  exist  in  the  same  time  Interval,  an  explosion  and/or 
fire  could  occur. 


CONCLUSION: 

A hazard  can  exist  if  fan  falls  in  presence  of  flammable  vapors. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 

An  operational  procedure  should  be  added  to  T.O.  1C-5A-1  to  require  emergency 
depressurization  to  shut  down  underfloor  fans  if  flammable  vapors  are  present 
or  suspected. 

REPLY/STATUS:  (Use  back  if  necessary) 
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OPERATIONAL  FIRS  HAZARDS  WORKSHEET 

WUC:  41  JAE  DATE:  30  Jan  1975  HAZARD  NO:  21 

NOMANCLaTURS : Wing  Isolation  Valves 

LOCATION:  Forward  Wing  Beam  (Aft  section  of  Crew  Compartment) 

IGNITION  TEMPERATURE  DUrTO  NORMAL "OPERATION  7 HAlJUNCflgr  7"  ' 

FLAMMABLE  MATERIAL:  Hydraulic  Oil.  rear  box  lubricant 

STATEMENT  OF  HAZARD:  ^ 

Flammable  fluids  could  leak  or  drip  down  onto  the  valve  motor  or  bleed  air  ducts, 
which  are  exposed. 

DISCUSSION: 

The  two  wing  isolation  valves  and  valve  motor  assemblies  on  the  incoming  bleed 
air  ducts  are  mounted  just  above  the  floor  in  the  environmental  compartment. 
Several  hydraulic  lines  are  mounted  above  the  isolation  valves  and  could  leak 
or  develop  pin-hole  leaks  spraying  hydraulic  fluid  onto  either  isolation  valve. 
Also,  the  leaking  edge  slat  clutch-brake  assembly  is  mounted  directly  above  the 
right  hand  isolation  valve.  This  clutch-brake  provides  protection  in  this 
area,  when  installed. 


CONCLUSION: 

The  right  hand  wing  isolation  valve  requires  shielding  to  avoid  contact  with 
the  flammable  fluid.  The  left  hand  valve  is  not  as  serious  a hazard. 

PANEL  RECOMMENDATION : (Use  back  if  necessary)  > 

Provide  a cover  over  the  right  hand  isolation  valve.  MIP  SANBM  74-0223  should 
provide  the  required  cover.  This  should  be  monitored  until  corrective  action  is 
taken. 

REPLY/STATUS : (Use  back  if  necessary) 

MIP  SANBM  74-0223  to  provide  a fireproof,  grease  proof  cover  over  R.H.  isolation 
valve  should  reduce  the  hazard. 
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OPERATIONAL  FIRS  HAZARDS  WORKSHEET 

WUC:  14  JJB DATE?  30  Jan  1975  HAZARD  NO: 

NOMANCLaTURS:  STat  Proximity  Ccmt  Box 


LOCATION: Fwd  Bulkhead  of  Aft  Troop  Comp,  inside  wing  roar  beam  area' 
' IGNITION  TEMPERATURE  DUE“fO  HOrHaE  OPERATION  ' MALFUNCTION  X " 
FLAMMABLE  MATERIAL:  iivi1r.™Hc  fluid 

STATEMENT  OF  HAZARD:  


Overheating  control  box  Igniting  leaking  hydraulic  fluid. 
DISCUSSION: 


A shorting  circuit  card  inside  the  proximity  control  box  might  overheat 
to  the  ignition  temp  of  hydraulic  fluid.  Actual  temperature  fs  unknown. 
Control  box  is  a sealed  unit. 

Control  box  is  virtually  isolated;  however,  a spray  or  mint  of  hydraulic 
fluid  might  reach  the  unit.  Such  a leak  would  be  easily  detectable  and 
accessible  for  on-board  fire  fighting  if  ignited.  This  area  will  be 
covered  by  FE1301  Halon  fire  suppressant  when  FSS  is  Installed. 


: 
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CONCLUSION: 

FSS  will  adequately  protect  this  are.  Interim  action  not  Justified  due  to 
low  probability  of  ignition.  Inspection  of  area  will  detect  leak/fize. 

PANEL  RECOMMENDATION:  (Use  back  If  necessary)  i 

A periodic  Inflight  inspection  of  aft  troop  compartment  and  wing  rear  beam  area 
should  be  required  on  all  missions. 

REPLY/STATUS:  (Use  back  if  necessary) 
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opera? tonal  ftre  hazards  v/orksht-tt 

VJC: DATS:  30  Jan  1975  HAZARD  NO:  23 

NOMA NCLA7UEE : Hazardous  Areas  


LOCATIONiForward  and  Aft  Under  Floor  Compartments  F.S.  664-1262  F.S.  1644-1964 

IGNITION  TnWERAVURE  DUE  TO  NORMAL  OPERATION  _x MALFUNCTION  X 

KLAKMA3LS  MATERIAL:  Hydraulic  Oil.  Cargo  spills 
STATEMENT  OF  HAZARD: 

Fire  could  occur  as  a result  of  flamnables  existing  under  the  floor  which  would 
be  Ignited  by  malfunctions  in  a variety  of  electric  motors,  bleed  air  equipment 
or  electronic  components. 

DISCUSSION: 

MAC  hauls  a wide  variety  of  types  of  flammable  cargo  which  spill  and  leak  through 
the  cargo  floor  and  pool  between  frames,  in  the  under  floor  area.  Hydraulic  leaks 
are  common  in  these  areas.  This  spillage  and  leakage  may  go  undetected  until 
the  next  major  inspection,  thus  the  flammable  liquid  condition  could  exist  for  a 
considerable  time.  If  a malfunction  or  overheat  condition  would  develop  during 
this  same  time  frame,  a fire  could  very  easily  result. . These  under  floor  areas 
•contain  many  components  which  could  overheat.  Each  of  these  components  are  treated 
as  separate  items  in  this  study  and  most  have  a slim  chance  of  overheating.  However 
because  of  the  large  number  and  variety  of  these  components,  the  chance  that  one 
will  overheat  during  the  lifetime  of  the  entire  fleet  is  extremely  high. 


CONCLUSION: 

The  forward  and  aft  under  floory  areas  must  be  protected  from  the  chance  of  fire. 
The  FSS  will  provide  this  protection,  when  installed. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 

1)  An  inspection  requirement  should  be  added  to  T.O.  1C-5A-1  and  1C-5A-6  to 
require  inspection  of  the  underfloor  area  when  hydraulic  fluid  and/or  flammable 
cargo  spills  into  cargo  compartment.  2)  T.O.  1C-5A-1  should  be  revised  to 
require  a 781  entry  any  time  hydraulic  fluid  and/or  flammable  cargo  spills  into 
the  cargo  compartment.  This  entry  would  require  inspection  of  the  underfloor 
area  prior  to  next  flight. 

REPLY/STATUS : (Use  back  if  necessary) 


* 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


VUC: 

NttlANCLATURE: 


PATEt-  30  Jan  1975 

Fuel  Tanks 


HAZARD  NO:  24 


LOCATION:  Both  wings  . ~ 

I0NITI0N  TEMPERATURE  DUE  TO  MTflflTOPERATlOtf HaEFUNCTIoH 

FLAMMABLE  MATERIAL:  Tp-4  

STATEMENT  OF  HAZARD:  — 


Fire  and  explosion. 


DISCUSSION: 

Leakage  of  fuel  has  been  covered  under  other  hrzard  areas.  The  tanks  are 
susceptible  to  fire  and/or  explosion  from  fuel  being  ignited  by  one  of 
several  ignition  sources.  Some  known  ignition  sources  are  lightning 
strike,  static  discharge,  electrical  arcing,  penetration  of  tank  by  hot 
engine  parts  or  incendiary  gun  fire  and  auto  ignition  f»m  external  fire. 
Lightning  proof  filler  caps  and  improved  component  bonding  and  wiring 
Installation  practices  have  been  incorporated  in  the  C-5  fuel  system. 

The  FSS  will  protect  this  area. 


CONCLUSION:  The  C-5A  has  the  latest  technology  designed  into  the  fuel  system  to 
reduce  ignition  sources,  however,  all  ignition  cannot  be  eliminated.  The  installa- 
tion of  the  FSS  cannot  prevent  fuel  from  burning  which  has  leaked  outside  of  a 
fuel  tank  if  an  Ignition  source  is  present  but  it  can  prevent  fire  and  explosion 
inside  the  fuel  tank  regardless  of  ignition  sources. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary)  ^ 

Continue  with  FSS  installation. 


REPLY/STATUS  t (Use  back  if  necessary) 
/■ 
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OPERATIONAL  FIRS  HAZARDS  WORKSHEET 

WUC:  *1  TCA  DATE;  30  Jan  1975  HAZARD  NO: 

NOMANCLATURE : MADAR  Cool lag  Fan 


LOCATION:  FS  470 

IGNITION  TEMPERATURE  DUE  TO  NORMAL  OPERATION  MALFUNCTION  y ' 

FLAMMABLE  MATERIAL:  JP-4 

STATEMENT  OF  HAZARD: 

Electric  motor  could  overheat  or  fan  blade  tips  could  rub  on  the  fan  housing 
generating  heat  which  could  ignite  liquids  or  vapors. 


DISCUSSION: 

The  electric  motor  is  explosion  proof  and  protected  from  overheat  by  both 
circuit  breaker  and  internal  thermal  protection.  Fan  blade  assemblies 
could  work  loose  on  their  shaft  or  bearings  could  fail,  allowing  blade 
tip  rubbing  action  which  would  generate  heat. 


CONCLUSION: 

The  amount  of  airflow  around  the  motor/ fan  assembly  is  sufficient  to  preclude 
auto  ignition  of  JP-4  vapors. 

PANEL  RECOMMENDATION:  (U3e  back  if  necessary)  V 

None 

REPLY/STATUS:  (Use  back  if  necessary) 

N/A 
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OPERATIONAL  EIRE  HAZARDS  WORKSHEET 


WUCj  11WFZ_  DATE:  30  Jan  1975  HAZARD  NO,  26 

NOMAKCLATU  RE:  Radomo  and  Compartment  


LOCATION:  Aircraft  Nose  ~ ‘ 

IGNITION  TF-MPEllATUKB  DOE  TO  HORMAE  OPERATION  KALFUK’Gf'fON  X" 

FLAMMABLE  MATERIAL:  Wiring  Insulation  

STATEMENT  OF  HAZARD:  

Fire  in  the  radome  and  radome  compartment. 


DISCUSSION i 


The  radome  compartment  contains  numerous  high  power  electronic  systems  but 
the  .only  combustible  available  in  the  compartment  to  sustain  an  electricl 
or  lightning  strike  fire  is  wiring  insulation.  The  electrical /electronic 
systems  have  circuit  protection  and  system  malfunction  indicators  are 
Installed.  Any  man-induced  fuel  should  be  discovered  prior  to  flight. 


CONCLUSION: 

The  radome  is  not  considered  to  be  a fire  zone. 


PANEL  RECOMMENDATION;  (Usa  back  if  necessary) 


None 

REPLY/STATUS : (Use  back  if  necessary) 
N/A 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


VUC:  AAnoo  DATE:  30  Jan  1975  HAZARD  NO:  27 

NOMAKCLAfU RE : Cayr.o  Lip.htjnn  System 

LOCATION:  ' Cargo  "flay  ' 

IGNITION  TEMPKRATUilK  tfUB  TO  ROitSvlToPKlUTlCiJ EHMSflSFlt 

FLAMMABLE  MATERIAL:  Hydreulic  Fluid/Oxygcn 

STATEMENT  OF  HAZARD:  “ — 


Cargo  lighting  system  igniting  a combustible. 
DISCUSSION: 


A review  was  conducted  of  the  following  lighting  components  in  the  cargo 
bay;.  Dome  lights,  loading  lights,  curb  lights,  and  curb  light  transformers. 
The  normal  face  plate  temperature  is  below  200*F.  A ma1 function  could 
occur  that  could  cause  electrical  arcing,  but  the  components  and  wiring 
located  where  little  combustible  material  la  available.  'Area  is  currently 
protected  by  smoke  detection  system,  and  the  FSS  la  to  be  Installed. 

The  area  la  accessible  for  use  of  on-board  fire  fighting  equipment. 


CONCLUSION: 

e 

These  lights  do  not  represent  a significant  source  of  ignition. 

% * 

PANEL  RECOMMENDATION:  (Uao  back  IT  necessary) 

None 

REPLY/STATUS : (Uao  back  if  necessary)  * 

N/A 
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OPERATIONAL  FIRS  HAZARDS  WORKSHEET 

WUC: 44CYC  DATRi 30  Jan  1975  HAZARD  NO:  28 

NOMANCL ATU RE : Hayioft/cmpcnnage  llghcT~and  transformers 

LOCATION:  Hayloft/vertical  stabilizers  ~ 

IGNITION  TEMPERATUlUi  CUE  TO  NORMAL  'OPERATION  HS^lMCTfoN  x 

FLAMMABLE  MATERIAL:  Hydraulic  fluid  

STATEMENT  OF  HAZARD:  * 

Possibility  of  hayloft/empcnnagc  lights /transformers  igniting  e combustible. 


DISCUSSION: 


The  hayloft/empennage  lights  Installation  was  reviewed  and  little  chance 
was  seen  for  hydraulic  fluid  to  be  available  if  a malfunction  of  the 
light  or  wiring  occurred.  The  two  transformers  located  on  either  side 
of  the  empennage  access  ladder  could  be  in  the  path  of  hydraulic  fluid 
leakers  above  them.  The  operating  temperature  of  the  transformers  is 
approximately  285*F  and  malfunction  temperature  approximately  400*F. 
Adequate  ventilation  is  available  during  flight  to  prevent  ignition. 


CONCLUSION: 

Little  hazard  la  expected  in  this  area. 


PANEL  RECOMMENDATION:  (Use  back  if  necessary) 
None 

NEPLT/STATUS:  (Use  back  if  necessary) 

N/A 
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OPERATIONAL  FIRS  HAZARDS  WORKSHEET 

WUC:  71CMF/66AOO  DATS?  30  Jan  1975  HAZARD  NO:  29 

NOMANCLATURE:  Loran  Ant.  Coupler  and  CDPIR 

LOCATION:  Horizontal  Stabilizer  (Sec  Discussion) 

IGNITION  TEMPERATURE  DUE  TO  NORMAL" OPERATION  RSFUNCflON  X — 

FLAMMABLE  MATERIAL:  Hydraulic  Oil  

STATEMENT  OF  HAZARD:  

Malfunction  of  printed  circuit  may  generate  enough  heat  to  ignite  hydraulic 
oil  mist. 

DISCUSSION: 


The  Loran  Antenna  Coupler  is  located  in  the  .nose  bullet  of  the  horizontal 
stabilizer  center  body  and  could  be  hit  by  a spray  of  hydraulic  oil  from  a 
failure  of  the  pitch  trim  hydraulic  system.  The  overheat  temperature  is 
unknown  but  it  would  only  occur  for  a few  seconds  and  would  have  to  happen 
at  the  sa*ie  time  that  the  hydraulic  system  malfunction  occurred.  This  area 
is  well  vented  and  it  is  unlikely  that  the  hydraulic  oil  temperature  could 
be  raised  to  the  fire  point. 

The  CDPIR  is  in  the  upper  surface  of  the  afterbody  of  the  horizontal 
stabilizer  centerbody.  The  components  of  this  unit  are  housed  in  an 
enclosed  airfoil  which  is  in  turn  shielded  from  the  open  compartment  which 
is  well  vented.  It  is  unlikely  that  oil  mist  could  get  to  the 
electrical/electronic  components. 


CONCLUSION: 

The  likelihood  of  a hazard  existing  in  this  area  is  very  low. 

PANEL  RECOMMENDATION : (U30  back  If  necessary) 

None 


REPLY/STATUS : (Use  back  if  necessary) 
N/A 
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operational  ftrk  hazards  worksheet 


VUC: 61  ADD DATB:  30  Jan  1975  HAZARD  NO:  30 

NOMANCLATURE:  h.  F.  Transmitter ■ 

LOCATION:  Approximately  FITS  STA  2500  in  upper  portion  of  compartment 
IGNITION  TEMPERATURE  DUE  TO  NORMAL  OPERATION"  HALP'UIvCTION  X * 
FLAMMABLE  MATERIAL:  Hydraulic  oil 

STATEMENT  OF  HAZARD: 

Electrical  ARC  from  antenna  feed  through  or  overheat  from  couplifier 
unit  could  possibly  ignite  a combustible. 

DISCUSSION: 

Leakage  of  hydraulic  oil  from  a failure  in  the  pitch  trim  actuator 
system  could  run  down  the  leading  edge  of  the  vertical  stabilizer  into 
the  .area  where  the  antenna  leads  go  to  the  couplifier  unit.  The 
couplifier  unit  is  below  the  deck  so  that  it  is  improbable  that  oil 
would  get  in  contact  with  the  unit.  There  is  no  source  cf  heat  in  the 
antenna  compartment  to  elevate  the  temperature  of  the  oil  to  the  fire 
point  where  an  arc  could  ignite  it. 


CONCLUSION: 

The  probability  of  a hazard  existing  in  this  area  is  vary  low. 

PANEL  RECOMMENDATION:  (Use  back  If  necessary) 

None. 


REPLY/STATUS:  (Use  back  if  necessary) 
N/A 
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OPERATIONAL  FIRS  HAZARDS  WORKSHEET 

VUC:  13LAE/13LCE  DATE:  30  Jan  1975  HAZARD  NO:  31 

KOMANCLATURE:  MLG/NLG  Wheel  Bearings 


LOCATION:  Wheel  Wells  

IGNITION  TEMPERATURE  DUE  TO  NORMAL  OPERATION RA&UWSTOi 

FLAMMABLE  MATERIAL:  llyd  fluid/rubber/grease  - 

STATEMENT  OF  HAZARD:  * —j * 

Overheating  due  to  failed  bearings  might  Ignite  hyd  fluid,  grease,  or  tires. 


DISCUSSION: 

Failed  bearings  are  known  to  have  a potential  for  overheating  in  failure. 
On  landing,  such  overheating  can  be  detected  and  combatted  adequately. 

In  flight,  such  significant  overheating  of  MLG  bearings  should  be  detected 
by  current  MAC  directed  inspections.  NLG  bearing  problems  should  be 
detectable  during  taxi  operations  before  reaching  excessive  temp. 
Installation  of  the  FSS  will  provide  adequate  detection/fire  fighting 
capability. 

No  significant  failure  problems  have  been  encountered  on  either  NLG  or 
MLG  bearings . 


CONCLUSION:  A known  failure  mode  has  the  potential  to  produce  ignition 
temperatures  in  NLG  or  MLG  wheel  bearings;  however,  such  failures  are  not 
documented  as  a C-5  problem. 

FSS  detection  will  detect  any  such  fire,  once  installed. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 

None 

REPLY/STATUS : (Uso  back  if  necessary) 

N/A 
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OISRATIONAI  Fins  HAZARDS  WORKSHEET 

V!UC:  13EOO/13JOO  DATE:  30  Jan  1975  HAZARD  NO:  32 
NOMAKCI.ATURE:  NLG  Ex  tend /lU;  tract /Kneel  System 

LOCATION':  NLG  Wheel  Well 

IGNITION  TEMPERATURE  DUE  TO  NORMAL"  OPERATION  ' HALFUECflO.'f ' 'T 

FLAMMABLE  MATERIAL:  Hydraulic  fluid  

STATEMENT  OF  HAZARD:  

Overheating  NLG  components  igniting  hydraulic  fluid. 


DISCUSSION: 


No  components  in  this  system  were  found  to  be  strong  potential  ignition  sources. 
Short,  intermittent  actuation  cycles  on  most  components  keep  temps  low. 

One  'electric  motor  is  actuated  only  for  emergency  extension;  another  (kneel  motor) 
only  for  ground  operations;  a third  (gear  box  shift  motor)  has  been  shown  to 
completely  stall  without  reaching  ignition  temp. 


CONCLUSION: 

NLG  extend/retract/kneel  components  do  not  represent  probable  ignition  sources. 


PANEL  RECOMMENDATION:  (Use  back  If  necessary) 


None 

REPLY/STATUS t (Use  back  if  necessary) 


N/A 
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OPERATIONAL  FIRS  HAZARDS  WORKSHEET 


WJCs DATE:  30  Jan  1975  HAZARD  NO:  33 

K0MANCLATUR5:  NLG  Door  Actuation  System  Components 

LOCATION:  HLG  Wheel  Well  ~ ' 

IGNITION  TEMPERATURE  DUE  TO  NORMAL- OPF.RAT ION  ~ ltALFU].OTlON"  X 

FLAKKA3LE  MATERIAL:  Hydraulic  Fluid 

STATEMENT  0?  HAZARD:  “ 


Overheating  components  igniting  hydraulic  fluid. 
DISCUSSION: 


No  components  in  this  system  were  thought  to  be  strong  potential  ignition 
sources.  Short,  intermittent  activation  cycles  on  most  keep  temp  low. 

The  door  drive  electric  motors  are'  used  only  for  emergency  extension  and 
are  circuit  breaker  protected. 

The  FSS  will  cover  this  area  with  zone  fire  fighting  when  installed. 


CONCLUSION:  The  probability  of  the  NLG  door  actuation  components  being  Ignition 

sources  is  low.  Interim  action  before  FSS  Installation  is  not  justified  due 
to  low  ignition  probability. 


PANEL  RECOMMENDATION:  (Use  back  if  necessary) 


None 


REPLY/STATUS t (Use  back  if  necessary) 
N/A 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

WCt  13GEU/I3CEW  DATE: 30  Jan  1975  HAZARD  NO:  34 

NOMANCL ATU RE : MLG  Position  Transmitter  & Crosswind  Transducer  (.LVDT} 


LOCATION:  MLC  Wheel  Wells 

IGNITION  TEMPERATURE  DUE  TO  NORMAL  OPERATION  MALFUNCTiON  x 

FLAMMABLE  MATERIAL:  Hyd  Fluid  — 

STATEMENT  OF  HAZARD:"-  

Overheated  position  transmitter  or  LVDT  igniting  leaking  hyd  fluid. 


DISCUSSION: 


The  position  transmitter  and  LVDT  are  both  circuit  breaker  protected, 
and  are  enclosed  in  a large  heat  sink  that  would  dissipate  heat. 

LVDT  would  bo  utilized  only  for  short  periods  of  time  for  landing  or 
taking  off.  The  units  will  be  protected  by  the  FSS. 


CONCLUSION: 

Position  transmitter  and  LVDT  do  not  present  a significant  Ignition  source. 
PANEL  RECOMMENDATION : (Use  back  if  necessary) 

None.  i 

RE PLY/STATUS t (Use  back  if  necessary) 

N/A 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

VUC:  JlHOO PATE:  30  Jan  1975  HAZARD  NO:  35 

KOMANCLATURE?  MLG  Hyd  Kneeling  System  

LOCATION:  MLG  Wheel  Wells 

IGNITION  TEMPERATURE  DUE  TO  NORMAL  OPERATION  KALFUNC  Til ON  X 

P’LAl'iMABLE  MATERIAL:  Hydraulic  fluids- 

STATEMENT  OF  HAZARD: 


Overheated  kneeling  system  components  igniting  hydraulic  fluid. 


DISCUSSION: 


Kneeling  system  components  would  be  operated  in  flight  only  in  an  emergency. 
Normal  operation  is  on  the  ground. 

Detection  and  fire  fighting  on  the  ground  is  considered  adequate. 

This  area  will  be  protected  by  the  FSS. 


CONCLUSION: 

The  hydraulic  kneeling  system  does  not  represent  a significant  ource  of 
ignition. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 


None 


REPLY/STATUS : (Use  back  if  necessary) 


N/A 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

WUC:  Various  WUC's  DATE:  3°  Jan  1975  HAZARD  NO:  36 

NOMAKCL ATURE : Landing  Grear  Sequence  Control  Panels 


LOCATION:  NLG-Kt  lwd  (jgo  comp. 

IGNITION  TEMPERATURE  DUE  TO 


FLAMMABLE  MATERIAL: 
STATEMENT  OF  HAZARD:' 


filc-rc  1 & Lf i 'side"  cmr  u-f  ■ cgu 1 eump: 

NORMAE  OPERATION  MALFUNCTION 


NX 


-Hyd  Ely  id 


Overheating  sequence  control  panel  igniting  leaking  hyd  fluid. 


DISCUSSION: 

A landing  gear  sequence  control  panel  might  overheat  to  ignition  temperature 
of  hyd  fluid  due  to  a shorted  circuit  card.  Actual  temp  is  unknown. 

Panels  are  sufficiently  sealed  to  prevent  hyd  fluid  from  dripping/running 
onto  it  from  above.  A spray  or  mist  of  hyd  fluid  might  reach  it  from  the 
front,  but  such  a leak  would  be  readily  detectable. 

This  apea  will  be  covered  by  FE1301,  Halon  fire  suppressant.  Any  fire 
would  be  readily  detectable  and  accessible  for  on-board  fire  fighting. 


CONCLUSION: 

FSS  will  adequately  protect  this  area.  Interim  action  not  Justified  due  to 
negligible  probability  of  ignition, 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 


None 

REPLY/STATUS : (Use  back  if  necessary) 
N/A 


100 


OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


WUC: N/A DATE:  30  Jan  1975  HAZARD  NO:  37 

NOMANCLATURH : AFT  M.L.G.  Fairings 

LOCATION : MG  Fail  ings  Aft  of  Wheel  Well',  Inb'd  4.  Aft  or  AP'J  Compartment 

IGNITION  TEMPERA! UltE  DUE  TO  NORMAL  OPERATION  HALFUKCfToir — 

FLAMMABLE  MATERIAL:  Hydraulic  Oil  

STATEMENT  OF  HAZARD:  [ 

Hot  air  ducts,  shutoff  valve  or  APU  exhaust  could  ignite  hydraulic  oil. 


DISCUSSION: 

The  supply,  case  drain  and  pressure  lines  from  the  ATM  driven  pump  pass  through 
this  compartment.  A leak  from  one  of  these  lines  could  spray  on  the  hot  air  ducts 
of  val”e.  Hazard  No.  53  covers  the  ig-.iition  hazard  of  hot  air  ducts  and  Hazard 
No.  56  covers  the  ignition  hazard  of  the  S.O.  valve.  There  is  no  direct  line 
of  sight  from  the  hydraulic  lines  to  the  APU  exhaust  duct,  therefore  the 
likelihood  of  getting  hydraulic  oil  on  the  duct  is  very  low.  The  duct 
is  insulated  such  that  the  surface  should  not  exceed  SOO^F.  This  area  will 
not  be  protected  by  the  F.S.S. 


CONCLUSION: 

The  likelihood  of  a fire  hazard  existing  in  this  compartment  is  very  low. 


PANEL  RECOMMENDATION:  (-Usa  back  IT  necessary) 
None 


REPLY/STATUS : (Use  back  if  necessary) 
N/A 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


38 


WUC:  N/A DATES  30  Jan  1975  HAZARD  NO: 

NOMENCLATURE : Unprotected  Area 

LOCaTIOM : Left  A Right  of  Nose  Landing  Gear  Area  F.S.:  524-664 

IGNITION  TEMPERATURE  "DUE  TO  NORMAL  OPERATION  MALFUNCTION""^ 

FLAMMABLE  MATERIAL:  Hydraulic  Fluid  ’ 

STATEMENT  OF  HAZARD:  ~ 

Leaking  hydraulic  fluid  could  puddle  in  these  two  areas,  and  create  c 
potential  fire  hazard. 

DISCUSSION: 

Compartments  on  either  side  of  the  nose  landing  gear  well  are  encased 
and  separated  by  an  underfloor  structural  cross  member  from  the  remainder 
of  the  forward  underfloor  area.  Inspection  access  to  these  areas  is 
limited  to  removal  of  the  floor  panels.  Detection  of  a fire  in  either  of 
these  areas  would  be  difficult,  particularly  because  the  Fire  Suppression 
System  will  not  extend  into  these  unpressurized  areas.  There  are  no  lunation 
sources  in  this  area. 


CONCLUSION: 

This  area  is  not  considered  to  be  a fire  zone. 


PANEL  RECOMMENDATION;  (Use  back  if  necessary) 


None 

REPLY/STATUS : (Use  back  if  necessary) 
N/A 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

VUCt  Various  WUC's  DATE:  30  Jon  1975 HAZARD  NO:  _ . 39  _ 

NOMAt.'CLA'iUii: s Fit  Conti  Hyd  fOvtoff  Valves ‘in  Aileron,  Tipollcr,  'r»  HTTPA 

X l C V 8 t Q t..Sg.r\'.r>_KRRji  IS Jil£t 

LOCATION:  Alt  wing  beams,  hori*  and  vert  stab  rear  beams 

IGNITION  TKKlVZUTbiiK  DUti  f3  KuQUr~Oi~KioCfIoN  ^AQ'UACffO.I  ' X 

FLAMMABLE  MATERIAL:  »v(i  Fluid 

STATEMENT  OF  HAZARD: 

Hydraulic  fluid  leakage  or  spray  from  pin  hole  in  lines  with  electrical 
wires  In  wa:»e  aria  could  produce  fire. 

DISCUSSION: 

Flight  control  hyd  shutoff  valves  are  electric  motor  operated  to  the  open 
position  during  flight.  These  motors  are  enclosed  and  protected  by 
circuit  breakers.  Power  Is  applied  during  flight  to  open  valves.  These 
electrical  wires  are  so  located  that  probability  of  shorted  wire  igniting  a 
hyd  fluid  leak  is  very  low  beenune  airflow  in  these  areas  la  enough  that 
circuit  breakers  would  pop  before  sufficient  heat  could  be  generated  to 
Ignite  hyd  fluid. 


CONCLUSION: 

Hydraulic  shutoff  valves  In  these  ventilated  areas  do  not  represent  a 
significant  source  of  Ignition. 

% 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 


RP. PLY/STATUS : (Uao  back  if  necessary) 


N/A 


OPERATIONAL  FIRE  HAZARfB 

WC*  H ATT  5?A.TA  DATBi  30  Jan  1975  HAZARD  W0»  AO 

KOPiAKCLATUX.-;  : A1  If  rovi/Spol  lor  Cable  Srn'Q  & Allcron/S  poller  Autopilot*  S e rvo 

Location  Crnt.'r  Wln?  linr  R^o-n 

To snic:i  T^iaKiSnS KaJgigfl&r' ~ 

FLAMMABLE  MATERIAL!  Hydr.iul ics  "** 

STATEMENT  OF  HAZARD:  


Motor*  burn  out,  overheat,  and  ignite  hydraulic  fluid. 


DISCUSSION 


Motor*  are  sealed  units,  explosion  proof,  and  protected  with  circuit  breakers. 
Ulth  this  protection  they  will  not  reach  sufficient  temperature  to  ignite 
hydfacilc  fluid.  Area  will  be  protected  by  FSS. 


CONCLUSION! 

Motors  are  adequately  protected.  Low  probability  of  ignition. 


PANEL  RECOMMENDATION!  (Use  back  IT  necessary) 
None 


REPLY/STATUS ! (Use  back  if  necessary) 
N/A 
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OPFR AT YON AL  FTRE  HAZAR03  WnmWHFjT 

14LCJ/14LCL 

VUCi  14.TT-U/14JEV  DATE:  30  Jan  1975  HAZARD  NO:  41 

NOMANCL AT J RE : sfat/Flap  Asymmetry  Brakes 


LOCATION:  Outer  Wing  Trent /Pear  Boama  

IGNITION  T EMP iiH ATURKTJU E TO  NtaHAjTOPE RATION 

FLAMMABLE  MATERIAL:  JP-4  

STATEMENT  OF  HAZARD: 

Solenoids  overheat  and  Ignite  leaking  fuel. 


DISCUSSION: 


Solenoids  are  energized  only  during  slat/flap  operation  when  an 
•symmetrical  condition  occurs,  • condition  which  will  be  detected  and 
corrected.  Limited  time  of  operation  and  circuit  breaker  protection  would 
prevent  units  reaching  high  temperature.  JP-4  would  not  be  likely  to 
collect  In  flap  area  because  of  venting.  Slat  area  is  vented  and  subjected 
only  to  fuel  tank  leakage  through  the  front  beam. 


CONCLUSION: 

Solenoids  are  adequately  protected.  Low  probability  of  ignition. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 

None 

REPLY/STATUS:  (Uso  back  if  necessary)  * 

N/A 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

WUCi  Various  WUC's  DATE:  30  Jan  1975  HAZARD  NO:  *2 

NOMA NCLaTURE:  Spoiler  Servo  and  Actuators,  Aileron  Servo* Assy,  Aileron" Trim 
Actuator,  ar.d  Alloron/Spollor  Mixer  Ratio  Shift  Actuator 
LOCATION:  Outer  Wim;  Hoar  Beam 

IGNITION  TEMPERATURE  DUE  T(5  NORMAL-  OPF.RAT idtf KxglftJc'f  ¥fcl'  X " 

FLAMMABLE  MATERIAL:  Hydraulic,  JP-4  . 

STATEMENT  OF  HAZARD:  * 

Electric  components  overheat  and  Ignite  hydraulic  fluid  or  JP-4. 


DISCUSSION: 

‘Units  contain  motor  operated  shut-off  valves,  pressure  switches,  electro- 
hydraulic  valves,  LVDT'b,  and  solenoids.  Most  of  thestf  components  operate 
for  short  periods  of  time.  All  are  protected  with  circuit  breakers.  Motors 
are  ‘explosion  proof.  Area  on  wing  is  veil  vented  and  at  low  temperature 
in  flight.  Vapors  could  collect  on  the  ground  but  units  would  be  generated 
only  for  short  periods. 


CONCLUSION: 

The  electrical  components  are  adequately  protected.  Low  probability  of  ignition 


PANEL  RECOMMENDATION:  (Use  back  if  necessary) 


None 

REPLY/STATUS  t (Use  back  if  neceasaiy)  » 
N/A 
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OPERATIONAL  FIRS  HAZARDS  WORKSHEET 


-,--S2as"  - PATEi  30  Jan  1975  HAZARD  KQi 

KOMANuLAYU.tE:  Elevator  Servo  and  Elevator  PAC  Servo 


43 


LOCATION:  Horizontal" NUbll'lzcr  Rear 

IGNITION  Trj^i'NATUlTOU2“f<r" 

FUJ0U3LE  KATFRIAL: 

STATEMENT  of  HAZARD: 


lie  am 

MiivlL  OPERATION 


HAtvUiCT?M 


Electric  components  overheat  and  Ignite  leaking  hydraulic  fluid. 


DISCUSSION: 

Electric  components  include  motor  operated  shutoff  valves,  pressure 

switches,  electro-hydraulic  valves,  solenoids,  linear  variable 

displacement  transducer  (LVDTs).  Some  components  are  used  only  intermittently. 

All  have  circuit  breaker  protection.  Locations  are  in  area  of  high  air 

flow  except  during  ground  operation  during  which  operation  would  be  of 

short  duration. 


CONCLUSION: 

Electrical  components  are  adequately  protected.  Possibility  of  heating 
hydraulic  fluid  is  limited.  Probability  of  ignition  is  low. 

PANEL  RECONCtENDATION:  (Use  back  if  necessary) 

None 


HE  ^LY/S  TAT  US : (Use  back  if  necessary)  . 
N/A 
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operational  firs  hazards  worksheet 


WCt 14CAJ DATE;  30  Jan  1975  HAZARD  HO:  44 

NQMANCLATU RE : Pitch  Trim  Actuator 

LOCATION:  _ In  Top  of  Vertical  Stabilizer 

ignition  temperature  fiuS"TO  RorxaL“oi\eratio:J KfiftiicTtSl 

FLAMMABLE  MATERIAL*  Hydraulic  

STATEMENT  OF  HAZARD: 

Electric  components  fall,  overheat,  and  ignite  hydraulic  fluid. 


DISCUSSION: 


Electrical  components  are  solenoids.  All  have  circuit  breaker  protection. 
Units  should  not  overheat  to  temperature  necessary  to  ignite  hydraulic  fluid. 


CONCLUSION: 

Electrical  units  are  adequately  protected.  Probability  of  ignition  is  limited. 


PANEL  RECOMMENDATION:  (Use  back  If  necessary) 
None 


REPLY/STATUS t (Use  back  If  necessary) 


OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

VUC:  various  W»C*a  DATE:  30  Jan  1975  HAZARD  NO:  45 

NOKANCLATU RE : Rudder  Servo  Assemblies,  RuSdor  Trim  Actuator,  kudder 

.Limiter  Actuator  

LOCATION:  Vertical  Stabilizer  Rear  Bean 

ICMTIO?!  TEMPERATURE  tfiiE~TO  NORMAL"  OPERATION  KSFUICffo il  X 

FLAMMABLE  MATERIAL:  Hvdraulic  * 

STATEMENT  OF  HAZARD:  " — 

Electric  components  fail,  overheat,  and  ignite  leaking  hydraulic  fluid. 


DISCUSSION: 

Electric  components  include  motor  operated  shutoff  valves,  pressure  switches, 
electrohydraulic  valves,  LVDT's  and  solenoids.  Most  units  are  used 
intermittently  for  short  duration.  All  have  circuit  breaker  protection. 

Units  are  located  in  area  of  high  air  flow  during  flight.  On  the  ground, 
units  would  be  energized  for  short  period  of  time. 


CONCLUSION: 

Electrical  units  are  adequately  protected.  Limited  probability  of  ignition. 


PANEL  RECOMMENDATION:  (Use  back  If  necessary) 


None 


REPLY/STATUS : (Use  back  if  necessary)  * 
N/A 
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OPERATIONAL  FI  HE  HAZARDS  WORKSHEET 

VUCt  14LCD/14JCS  DATE!  30  Jan  1975  HAZARD  NO:  46 

KOMAK A ATURS : SlatT  Clutch/Brake  Assy  & Slat  Decoupler  , 

LOCATION:  Center  Wing  Frnt  Bonm/Center  Wing  Rear  Beam 

IGNITION  TEMPERATURE  DUE  TO  NORMAL  OPERATION  MALFUNCTION  y 

FLAMMABLE  MATERIAL!  Hydraulic  fluid 
STATEMENT  OF  HAZARD: 

Component  overheats  dec  to  malfunction  and  Ignites  leaking  hydraulic  fluid. 


DISCUSSION : 

CLita  ire  on  for  limited  duration  but  solenoids  in  clutch/brake  are  energized 
c ntinuously.  Unit  has  circuit  breaker  protection.  Solenoids  should  not 
git  hot  enough  to  ignite  hydraulic  fluid.  Area  will  be  protected  by  FSS. 

Decoupler  bearings  could  fail,  get  hot  and  ignite  hydraulic  fluid  leaking 
from  adjacent  installations.  No  cases  of  this  in  service.  Rotational 
speed  is  low  (1600  rpm)  and  duration  of  operation  (less  than  1 minute)  would 
be  too  short  a time  to  permit  sufficient  temperature  generation.  Area 
will  be  protected  by  FSS. 


CONCLUSION! 

Probability  of  ignition  is  extremely  low. 


PANEL  RECOMMENDATION:  (Use  back  if  necessary) 


REPLY/STATUS : (Use  back  if  necesaaiy) 
N/A 


no 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

WUC:  52  AE PATE:  30  Jan  1975  HAZARD  NO:  47 

KOMANCLATU.Hr: : Elev.  Autopilot  Servo  & VFU  ~ 


LOCATION:  Cargo  compartment  ceiling  under  co-pilot 

IGNITION  TrJtfEiUTtiRN  DUS  TO  NORMAL  OPERATION  HaSWISTION  X 

FLAMMABLE  MATERIAL:  hydraulics 

STATEMENT  OF  HAZARD: 

Component  overheats  due  to  malfunction  and  Ignites  leaking  hydraulic  fluid. 


DISCUSSION: 

The  elevator  autopilot  servo  and  the  variable  feel  unit  both  have  electric 
motors.  The  motors  are  explosion  proof  and  have  circuit  breaker  protection. 
Experience  has  been  that  the  failed  motors  would  not  reach  temperatures 
sufficient  to  ignite  hydraulic  fluid  before  opening  the  circuit  breaker. 

The  VFU  also  contains  prescure  switches  but  these  cannot  overheat  to 
ignite  hydraulic  fluid.  Area  wil . be  protected  by  FSS  installations. 


CONCLUSION: 

The  motors  are  adequately  protected. 


PANEL  RECOMMENDATION : (Use  back  if  necessary) 
None 


REPLY/STATUS:  (Use  back  if  necessary)  » 
N/A 


IV. 


OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

WUC:  Various  WUC's  DATE;  30  jan  1975  HAZARD  NOs  4j£ 

NOMANCLATU RE : Motor  Driven  Hydraulic  Valve 


LOCATION;  Engine  and  ATM  Hyd  Suction  Lines 

IGNITION  TEMPKRATUiiE  DUE  TO  NORMAL  OPERATION  EiALFlMcf  fOM  X 

FLAMMA3LE  MATERIAL;  Hydraulic  Fluid/jP-4 
STATEMENT  OF  HAZARD; 

Overheating  electric  drive  motor  Igniting  leaking  hyd  fluid  or  JP-4. 


DISCUSSION; 

A dual  failure  of  (1)  electric  drive  motor  on  the  motor  driven  valve  and 
(2)  a hydraulic  or  JP-4  leak  in  the  same  area  might  result  in  a fire. 

Motors  are  explosion  proof  and  are  circuit  breaker  protected  on  input 

side.  Experience  has  been  that  these  motors  open  the  circuit  breakers 

or  burn  out  quickly  enough  that  extensive  external  heat  is  not  generated. 

• 9 


CONCLUSION; 

Motors  are  adequately  protected.  Low  probability  of  ignition. 


PANEL  RECOMMENDATION:  (Use  back  if  necessary) 
None 


REPLY/STATUS:  (Use  back  if  necessary) 
N/A 
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OPERATIONAL  FIRE  HAZARDS  WORftSH  SMT 

WUC:45AEB/CEB/EE3/GEBDATK:  30  Jan  1975  HAZARD  NO:  49 

NOMANCLATURE : Hydraulic  Boost  Pumps 

LOCATION:  Hyd.  Service  Center 

' IGNITION  TEMPERATURE  DUE  TO  NORMAL  OPERATION  MALFlMTflON'"  x 

FLAMMABLE  MATERIAL:  Hydraulic  Fluid  -*— 

STATEMENT  OF  HAZARD:  ~ 

Hydraulic  punp  malfunction  and  overheat  igniting  hyd.  fluid. 


DISCUSSION: 

Pump  failures  have  not  generated  sufficient  temp,  to  Ignite  hyd.  fluid. 

If  a fire  were  to  develop,  early  detection  is  most  likely  and  the  fire  would 
be  easily  accessible  for  fire  fighting  purposes.  Area  will  be  protected 
by  the  FSS. 


CONCLUSION: 

This  condition  is  not  a critical  fire  hazard. 


PANEL  RECOMMENDATION:  (Use  back  if  necessary) 
None 


RE PLY/STATUS : (Use  back  if  necessary)  * 
N/A 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


WUC:  45AEC/GEC  DATE;  3Q  Jan  1975  HAZARD  NO:  

NOMANCLATURE : Electric  Suction  Boost  Pump 


LOCATION:  ff 1 & #4  Hydraulic  Service  Center 

IGNITION  TEMPERATURE  DUE  TO  NORMS.  OPERATION  MALFUNCT(ON  X 

FLAMMABLE  MATERIAL:  Hydraulic  fluid 

STATEMENT  OF  HAZARD: 

ElecCrlcal  Boost  pump  failure  could  ignite  hyd.  fluid. 


DISCUSSION: 

The  pump  is  protected  with  circuit  breakers.  The  pump  has  no  known 
history  of  fire  in  the  C-130,  141,  and  C-5  aircraft. 

The  probability  of  overheat  to  sufficient  temperature  to  ignite 
hydrAulic  fluid  is  low.  If  a fire  started,  early  detection  would 
be  likely,  and  the  fire  would  be  easily  accessible  for  fire  fighting 
purposes.  FSS  will  protect  this  area. 


CONCLUSION: 

This  condition  is  not  a critical  fire  hazard. 


PANEL  RECOMMENDATION:  (Use  back  if  necessary) 
None. 


REPLY/STATUS:  (Use  back  if  necessary) 
N/A 


OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


WJC:  J^LE> DATE:  30  Jan  1975  HAZARD  NO:  51. 

NOMANCLATU RE : Ram  Air  Turbine  (RAT)  Assy 


LOCATION:  RAT  Compartment  (LH  Fwd  MLG) _____ 

IGNITION  TEMPERATURE  DUE  TO  NORMAL  OPERATION  MALFUNCTION  x 

FLAMMABLE  MATERIAL:  tivd  i-'luid 

STATEMENT  OF  HAZARD: 

Hydraulic  fluid  leakage  or  spray  from  a pin  hole  in  line  white  unit  is 
retracted  in  compartment,  or  hyd  pressure  reverse  flow  driving  pump. 


DISCUSSION: 

The  possibility  exists  of  driving  the  RAT  pump  in  reverse  from  NR2  hyd 
system  pressure  while  unit  retracted  in  compartment.  Before  byd  pressure 
can  be  generated  to  reverse  drive  the  pump,  a pressure  line  check  valve, 
control  regulator  valve,  and  return  system  solenoid/manual  valve  must 
be  activated.  If  this  sequence  occurred,  the  RAT  ’»ould  extend.  If 
reverse  flow  drove  the  RAT  backwards,  while  extended  in  the  airstream 
which  would  try  to  drive  the  RAT  forward,  the  RAT  would  overheat  and/or 
rupture  hydraulic  lines.  There  is  no  electrical  power  in  the  area} 
extend  switch  is  ground  only. 


CONCLUSION: 

Reverse  drive  of  RAT  pump  is.  not  probable  due  to  the  multiple  failure 
modes  involved. 


PANEL  RECOMMENDATION:  (Use  back  if  necessary) 
None 


REPLY/STATUS : (Use  back  if  necessary) 
N/A 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

WUC:  _41APC DATE;  30  Jan  1975  HAZARD  NO;  52 

NOMANCLATU RE ; Cargo  Compartment  Recirculating  Fan 


LOCATION:  Wing  Front  Beam  F.S.  1107 

IGNITION  TEMPERATURE  .DUE  TO  NORMAL  OPERATION  MALFUNCTION  X ' 

FLAMMABLE  MATERIAL:  Hydraulic  Oil,  JP-4  vapors 

STATEMENT  OF  HAZARD: 

Electric  motor  could  overheat  or  fan  elude  tips  could  rub  on  fan  housing 
generating  heat  which  could  ignite  liquids  or  vapor3. 


DISCUSSION: 

The  electric  motor  is  explosion  proof  and  protected  from  overheat  by 
both  circuit  breaker  and  internal  thermal  protection.  Fan  and  motor  could 
come  loose  in  its  mount* , allowing  blade  tip  rubbing  action  which  would 
generate  heat. 

Hydraulic  oil  from  above  fan  could  spray/drip  onto  overheated  fan. 

The  installation  will  be  adequately  covered  by  the  Halon  1301  FSS, 
when  installed. 


CONCLUSION; 

The  motor  is  adequately  protected.  The  fan  tip  rubbing  will  drag  motor 
rpm  down,  increasing  amperage  which  will  blow  circuit  breaker  or  internal 
thermal  protection. 

PANEL  RECOMMENDATION;  (Use  back  if  necessary) 

None 


REPLY/STATUS;  (Use  back  if  necessary)  , 

n/a 


116 


» 


OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


VUCt  Various  WUC’s 
NOMANCLATURE:  »ot  A1 


HAZARD  NO: 


LOCATION:  See  DISCUSSION 

IGNITION  TEKPWfATURK  DUE  TO  KORKAL  OPERATION  HAffSBgflgCT ' X 

FLAKKA3LK  MATERIAL:  Hydraulic  oil/JP-4 

ST£MT  OF  HAZARD-' 

Ignition  of  flammable  material  by  hot  surface  of  ducts  or  leakage  of  hot  air* 


DISCUSSION: 

The  hot  air  bleed  ducts  run  from  the  engine  nacelles  up  the  pylon  leading 
edge  and  from  outboard  pylons  in  the  wing  leading  edges  to  the  fuselage  ami 
across  the  fuselage  forward  of  the  wing  front  beam.  Also  a line  runs  from 
the  L.  H.  APU  compartment  across  underfloor  to  the  R.  H.  APU  and  upward  into 
the  cargo  compartment  where  it  runs  along  the  R.  H.  cargo  wall  forward  to 
the  wing  front  beam  station  and  thence  upward  to  tie  into  the  cross  ship  duct 
in  the  environmental  compartment.  It  takes  a double  failure,  pressure  aug. 
valve  and  pylon  S.  0.  valve,  for  the  air  in  this  duct  to  reach  a temperature 
above  600°F  (APU  Max.  temp  540°F)  and  both  of  these  failures  are  detectable. 

All  of  the  ducts  and  connectors  are  insulated  to  surface  temperature  below 
400°F.  All  of  the  mechanical  connections  of  these  ducts  have  overheat 
uetectors  set  at  310°F  to  warn  if  there  is  excessive  leakage. 

There  was  no  ignition  obtained  in  tests  conducted  at  Lockheed  where  hydraulic 
oil  was  exposed  to  bare  ducts,  on  insulation,  under  insulation  and  Boaked  on 
frayed  insulation,  even  though  the  temperature  of  the  air  in  the  ducts  exceeded 
the  normal  max  (600°F).  Reference  Appendix  D. 


CONCLUSION: 

The  likelihood  of  hot  air  ducts  on  the  C-5  being  a fire  hazard  is  very  low. 


PANEL  RECOMMENDATION:  (Uso  back  if  necessary) 


RF. PLY/STATUS  t (Use  back  if  necessary) 
N/A 


OPERATIONAL  FT RE  HAZARDS  WORKSHEET 

WCr  ,JUAIF_. DATS» 3(1  Jaa  1975  . HAZARD  NO:  «& 

NOMAKCLA i URii^Ttirh  inn  .driven  cnnllng  fan 


LOCATION : y injtJl.c  a <ling.  jtdga 

* IGNITION  TEMPE.'UVU.'iK  DUE  TO 


-L 


FUmnLE  MATERIAL: 
STATEMENT  OF  HAZARD: 


NOaM 

Hydraulic  oil 


f slatn 

Oi’rMtf’ 


Tip  rub  of  fan  could  heat  external  surfaces  to  « point  it  would  Ignite 
hydraulic  oil. 


DISCUSSION: 

Thin  fan  Is  powered  by  a hot  air  tip  driven  turbine  which  exhausts 
overboard  through  a duct  and  Is  operated  to  provide  cooling  air  for  the 
primary  and  secondary  heat  exchangers  at  speeds  below  .3MACH  No.  The  unit 
Is  located  in  a scaled  plenum  which  would  have  to  have  s massive  structural 
failure  to  allow  hydraulic  oil  tz  come  in  contact  with  the  unit.  There 
are  hydraulic  lines  in  the  wing  leading  edge  ale  of  the  plenum.  Failure  of 
the  plenum  would  be  detectable  as  an  air  conditioning  overheat  and  the 
hydraulic  failure  would  result  in  a system  fluid  loss. 


CONCLUSION: 

The  likelihood  of  a hazard  existing  in  this  area  Is  very  low. 


PANEL  RECOMMENDATION:  (Use  back  If  necessary) 
None 


REPLY/STATUS : (Use  back  if  necessary) 
N/A 
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OPERATIONAL  FITS  HAZARDS  WORKSHEET 

VUCr  41AWF DATE:  30  Jan  1975  HAZARD  NO:  SS 

NOKANCLaTU HE : Cooling  Turbina 

LOCATION:  On  side  walls  of  environmental  compartment  — 

IGNITION  TF-IFHlUTUJtK  DOTtO  KORMgT^PKR^flM  ‘HflgFlMTfXDN X 

FLAMMA3LE  MATERIAL:  Hydraulic  Oil  

STATEMENT  OF  HAZARD:  “ ' 

Tho  hot  surfaces  of  the  unit  could  ignite  hydraulic  oil. 


DISCUSSION: 

These  hydraulic  lines  coming  :lrito  the  compartment  from  the  wing  leading  edges 
turn  aft  under  the  wing  box  immediately  and  are  shielded  from  the  turbine 
units  by  cargo  air  conditioning  distribution  ducts.  There  is  however  a 
direct  line  of  sight  from  the  hydraulic  lines  attaching  to  the  slat  gear 
box  to  both  L.H.  and  R.H.  units.  The  L.rt.  unit  is  approximately  8 ft  from  the 
gear  box  and  the  R.H.  unit  is  about  5 ft  away.  The  normal  max  operating 
surface  temperature  of  the  unit  is  below  600°F;  however,  if  the  unit 
is  allowed  to  operate  at  overspeed/overtemp  for  an  extended  length  of  time 
(30  min)  the  compressor  scroll  could  reach  a temperature  exceeding  700°F. 

The  unit  is  designed  to  preclude  continued  operation  at  an  overtemp  condition 
by  fusing  the  turbine  wheel  where  it  will  fail  in  a tri-hub  burst  at  75,000 
rpm.  Containment  of  this  failure  has  been  demonstrated.  Failed  bearings 
could  result  in  wheel  tip* rub  on  either  the  turbine  or  compressor  scrolls 
and  a prolonged  operation  with  this  failure  could  result  in  surface  temperatures 
up  to  1300°F.  Failures  of  this  type  would  normally  be  prevented  by  a prior 
tri-hub  burst  of  the  turbine  wheel. 

The  area  will  be  protected  by  FSS. 


CONCLUSION: 

Due  to  the  separating  distance  between  the  source  of  hydraulic  oil  and  the 
units  and  the  low  probability  of  the  surface  temperatures  of  the  units 
reaching  an  ignition  temperature,  the  likelihood  of  these  units  being  a fire 
hazard  is  very  low. 

PANEL  RECOMMENDATION:  (U30  back  if  necessary) 

None 


RF.PLY/STATU3 : (Use  back  if  necessary)  * 
N/A 


OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


KUC:  Various  WUC's  DATE:  30  Jan  1975  HAZARD  NOl  56 

NOMANCL A?U .it, : Motor  Driven  Environmental  Control  ValveV 


LOCATION: 

IGNITION  TFIUVNtAVUiiK  DUE  TO 


Various  Locations 

PERATUiiK  DUE  TO  N 0/1  MAI'  'OPERA? ititT 

FLAMMABLE  MATERIAL:  Hydraulic  fluid/jp-4 

STATEMENT  OF  HAZARD:  ' 


TEmnSTTa?  r 


Electric  motors  could  fall  Internally,  overheat  and  ignite  leaking  hydraulic 
fluid  or  JP-4. 


DISCUSSION: 


The  motors  which  operate  the  environmental  control  system  control  valves  could 
fall  due  to  bearing  failure  or  a short  circuit.  The  motors  could  also 
fail  to  stop  running  due  to  a malfunctioning  limit  switch,  in  which  case 
the  motor  would  stall  out,  drawing  excessive  current.  The  overheated 
motor  could  vaporize  combustible  fluids,  igniting  the  fuel/air  vapors. 

However,  these  electric  motors  are  explosion  proof,  protected  by  circuit 
breakers,  and  contain  an  internal  thermal  sensor.  The  overheat  condition 
would  only  exist  until  the  internal  thermal  protective  device  or  the 
circuit  breaker  opens. 


CONCLUSION: 

Electric  motors  are  adequately  protected  from  a continuous  overheat  condition. 

PANEL  R FEO.MMENDATIOM : (Use  back  if  necessary) 

Hone. 

RF.FLY/STATUS t (Use  back  if  necessary)  , 

N/A 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

WUC:  41  GEA/GEB  DATE:  30  Jan  1975  HAZARD  NO:  57 

KOMANCLATU, RE:  Pressurization  Outflow  Valves 


LOCATION:  Rt  Aft  Cgo  Comp 

IGNITION  Tr'MPERATUltK  DUE  TO  FlORl4& 'OPERATION  MALFUNCTION  X 

FLAMMABLE  MATERIAL:  Hvd  Fluid - 

STATEMENT  OF  HAZARD: 

Overheated  motor  Igniting  hyd  spray  or  mist. 


DISCUSSION i 

Failure  of  a motor  might  cause  motor  overheating  to  ignition  temp.  Hyd  fluid 
spray  or  mist  might  reach  the  unit;  however,  such  a leak  is  easily  detectable. 

Motor  is  explosion  proof  and  protected  by  circuit  breakers  on  the  input 
side.  Motor  is  enclosed  and  isolated.  Overheating  is  not  expected  to 
rsise  external  temp,  to  ignition  temp.  . 

This  area  will  be  covered  by  FE1301  Halon  fire  suppressant  when  FSS  installed. 


CONCLUSION: 

Motor  is  adequately  protected.  FSS  will  adequately  protect  this  srea. 
Interim  action  not  Justified  due  to  low  probability  of  ignition. 

PANEL  RECOMMENDATION:  (Uae  back  If  necessary) 


None 

REPLY/STATUS:  (Use  back  if  necessary) 


N/A 
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' OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

VfUC:  Various  WUC’s  DATE:  30  Jan  1975  HAMD  NO:  53 

NOKANCLaTURE:  Motor  DrivcT Duel  Shut  Oil  valve 

LOCATION:  Wing  Ait  Beam/  Wing  Kool  /Dry  bay  1 

IGNITION  TZ^^J^D’JT'fO  NOiWAT^PKRATlSiJ FuEfUNCT1"^  X 

FLAMMABLE  MATERIAL:  ir./4  . 

STATEMENT  OF  HAZARD:  ! 


Electric  motors  could  fail  internally,  overheat  and  ignite  leaking  fuel. 


DISCUSSION: 


The  motors  which  drive  fuel  valves  open  and  closed  could  fall  due  to  bearing 
failure  or  a short  circuit.  This  could  cause  the  motor  to  overheat, 
vaporizing  fuel  and  igniting  the  flammable  vapors.  However,  these  motors 
are  expl >.ion  proof,  protected  by  circuit  breakers,  and  contain  an  Internal 
thermal  sensor.  The  overheat  condition  would  exist  until  the  internal 
protective  device  opens  or  circuit  breaker  trips.  The  wing  root  dry  bay 
will  be  covered  by  FSS. 


CONCLUSION: 

Electric  motors  are  adequately  protected  from  a continuous  overheat  condition. 

PANEL  RECOMMENDATION:  (Use  back  If  necessary) 

None 

RBPIY/STATUS : (Use  baclf  If  necessary)  * 

N/A 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 

VUC:  *6HAE DATE;  30  Jan  1975  HAZARD  NO:  59 

KOMANCL A? JRE : SPR  Drain  tine  Pumps 


Forward  M.L.G.  Fairing 

“norkal  operation 


LOCATION: 

IGNITION  TiEMV-JRATURS  DUE  TO 


FUMBLE  MATERIAL: 
STATEMENT  OF  HAZARD:' 


TmEMjctIoN  X 


-ir.7  A /Hydraulic.  Oil. 


A malfunctioning  motor  could  ignite  a combustible  from  arcs  or  overheated 
case. 

DISCUSSION: 


There  are  hydraulic  lines  in  this  cavity  but  the  lines  are  not  pressurized 
at  the  time  this  pump  Is  utilized.  JP-4  fuel  lines/couplings  could 
leak  and  create  an  explosive  mixture  in  the  compartment  while  the  pump  is 
In  operation.  The  pump  motor  is  explosion  proof  and  is  protected  with 
circuit  breakers.  This  pump  has  been  used  on  C-130,  and  C-141  aircraft, 
as  well  as  C-5's,  and  there  have  been  no  known  malfunctions  which  would 
have  created  this  hazard.  The  pump  is  used  only  after  ground  refueling 
operations  and  the  area  is  manned  during  this  time.  The  FSS  will  protect 
this  compartment  when  installed. 


» 


CONCLUSION: 

The  likelihood  of  this  being  a hazard  is  very  low. 
PANEL  RECOMMENDATION : (Use  back  if  necessary) 


None 


REPLY/STATUS : (Use  bacld  if  necessary)  » 


OPERATIONAL  FIRK  HAZARDS  WORKSHEET 


MJC:  Various  unr's  DATE: 30  Jnn  1975  HAZARD  NO:  60 

KOMANCLATU .<E : njn/AFT  Ramp  Controls  and  FWD/AFT  Lighting  Control  Pane 1 8 


LOCATION:  _cred  Entrance  Door 
IGNITION'  Tr- 11 AT  UK-]  DUE  TO 
FLAMMABLE  MATERIAL*  uv,t  fluid 
STATEMENT  CF  HAZARD: 


and  I.eft  Troop  Door 
NOR  I^aXT  "Ol  ’K  RATION 


irnmemrir 


Spraying  or  looking  hyd  fluid  on  electrical  components. 


DISCUSSION: 

Hydraulic  lines  could  rupture  and  saturate  electrical  control  panels  with 
hydraulic  fluid  resulting  in  hydraulic  fluid  being  ignited. 

This  malfunction  would  be  easy  to  detect,  and  if  a fire  starts,  it  is 
accessible  for  use  of  onboard  fire  fighting  equipment. 

These  areas  will  be  protected  by  FSS  when  installed. 


CONCLUSION: 

These  areas  are  well  vented  and  easily  accessible.  The  probability  of  a 
fire  is  low  due  to  the  lack  of  sufficient  heat  to  ignite  hydraulic  fluid. 


PANEL  RECOMMENDATION:  (Use  back  if  necessary) 
None 


REPLY/STATUS : (Use  back  if  necessary)  . 
N/A 
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IX 


61 


OFSRATTON’AI.  FIRS  HA7.AR.03  V&XS2HG 


WK:  J_2  CAG DATE:  30  Jan  1975  HAZARD  HO: 

SC:a::CLAT?H£:  Carro  Winch 


LCCATIC:.*:  

IOTTICS.'  Tr-KPS^ATUitK  D’Jr.  TO  NORMA! 'OPERATION  l^vu^ffoN:_x 

FLA?C'“RLR  MATERIAL:  Flammable  Fluids  (Hvd..  MoCas . Diescll. 

STATFHFN*?  C?  HAZARD: 

Overheated  cargo  winch  returned  to  the  storage  compartment  which  has  had 
flainrablc  fluids  spilled  into  the  compartment. 

DISCUSSION*: 

A flammable  fluid  could  be  spilled  into  the  winch  compartment  and  not  cleaned  up. 
If,  during  winch  operation,  the  winch  overheats  and  it  is  not  detected,  a fire 
could  occur.  Loadmaster  procedures  require  a survey  of  the  winch  compartment  for 
foreign  material  prior  to  winch  operation.  There  is  no  requirement  to  observe 
the  winch  during  operation. 


CONCLUSION: 

A hazard  exists  if  the  compartment  is  not  adequately  cleaned. 

PANEL  RECOMMENDATION : (Use  back  if  necessary) 

1)  Until  release  of,  and  compliance  with,  TCTO  1C-5A-1740,  which  will  provide 
drain  holes  in  the  winch  compartment,  MAC  should  emphasize  the  need  for  cleaning 
the  compartment  after  any  fluid  spillage;  and  the  need  for  thorough  inspection 
prior  to  winch  operation.  2)  Instructions  should  be  added  in  T.O.  1C-5A-9, 
requiring  observation  of  winch  during  operation. 

a 

REPLY/STATUS:  (Use  back  if  necessary) 
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OPERATIONAL  FIRE  HAZARDS  WORKSHEET 


WUC:  _12CCK DATE:  30  Jan  1975  HAZARD  NO:  62 

NOMAKCLATiJRS : Static  Lino  Retriever  Winch 

LOCATION:  Center  of  Cargo  Comp. 

IGNITION  TEMPSSATUifS  DUE  TO  NORMAL  OPERATION  MjRlNCfTON  X 

FLAMMABLE  MATERIAL:  Hyd  Fluid  , 

STATEMENT  0?  HAZARD:  ■ 


Overheat  or  electrical  6hort  in  winch  igniting  hyd.  fluid  leak. 


DISCUSSION: 

Failure  of  the  winch  can  result  In  ignition  of  hyd  fluid  spray  or  mist.  Unit 
is  panned  at  all  times  during  use;  therefore  any  leak  that  could  reach  the 
unit  would  be  immediately  detected,  and  on-board  fire  fighting  would  be 
available,  if  ignition  occurred. 

This  area  will  be  covered  by  FE1301  Halon  fire  suppressant  when  FSS 
is  installed. 


CONCLUSION: 

Due  to  constant  manning,  significant  hazard  does  not  exist. 


PANEL  RSCOl'MZNDATION:  (Use  back  if  necessary) 


None 

REPLY/STATUS : (Use  back  if  necessary). 


N/A 
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OPERATIONAL  FIRP.  HAZARD."  WORKSHEET 

V.1IC:  _47oqq DATE:  30  Jan  1975  HAZARD  KO:  63 

KOLA UCLA? : LOX  Converter 


T r.-'  i™vn''. 

«WN  <,4«  4 »'•»« 

IG!:iTI0!.!  T 
FLAKXAI5LE 

S«  * 

* n a . i 


LOX  Compartment  between  fwd  and  aft  wheel  well,  icic  side 
5T PK: : A?iniF~ DUiPTO  KOaXAE  OPERATION  MALFUNCTION  " ^ — 

MATERIAL:  JP-4,  Hydraulic  Fluid,  other  "combustible  materials 

OF  HAZARD:  


Leaking  or  ruptured  LOX/gasoous  oxygen  system  components  will  lower  the  ignition 
temperature  of  most  flammable  materials,  and  intensify  any  fire. 


DTSUU5SI0U : 


The  aircraft  oxygen  system  is  isolated  from  most  sources  of  fuel  end  protected 
by  wrapped  insulation.  However,  a leaking  oxygen  line,  valve  or  regulator 
would  introduce  pure  oxygen  into  most  of  the  fire  zones  in  the  fuselage. 

The  presence  of  oxygon  will  lower  the  flash  point  and  ignition  of  leaking 
fuel  and  other  combustibles.  A fire  involving  oxygen  enriched  atmosphere 
will  produce  a very  intense  fire  with  an  increased  burning  rate  and  <■* ay  cause 
the  combustion  of  materials  that  would  not  normally  burn  in  a standard  atmosphere. 
The  oxygen  system  has  a manual  emergency  shutoff  valve  mounted  on  the  pressure 
skin  inside  the  oxygen  converter  compartment  with  the  valve  handle  protruding 
inside  the  cargo  compartment.  In  the  event  of  an  oxygen  fed  fire,  a crew- 
member must  go  to  the  left  center  of  the  cargo  compartment  to  close  the 
emergency  shutoff  valve.  . 


ccxciustcn: 

With  the  existence  of  many  hot  components  throughout  the  fuselage,  the  crew  should 
have  the  capability  to  remotely  isolate  the  oxygen  system  from  the  fire. 

PANEL  RECOMMENDATION:  (Use  back  if  necessary) 

A study  should  be  made  to  determine  the  feasibility  of  installing  a remote 
oxygen  shut-off  capability  mounted  on  the  Flight  Engineer's  Console. 

Accomplish  modifications  recommended  as  a result  of  the  study. 


REPLY/STATUS : (Use  back  if  necessary)' 


APPENDIX  F 


FSS  COVERAGE  AND  CAPABILITIES 

The  FSS  protects  the  following  areas:  (See  attached  Figures) 

1.  Fuel  tanks 

2.  Cargo  compartment 

3.  Avionics  and  Guidance  (A&G)  equipment  compartment 

4.  The  center  wing  section,  including  the  Environmental  Control 
System  (ECS)  equipment,  wing  box  and  flap  control  equipment 

5.  The  wing  dry  bays  and  wing  and  pylon  leading  edges. 

6.  The  main  and  nose  wheel  wells 

7.  The  forward  and  aft  under  floor  areas 

8.  The  PTU  compartments  in  the  main  landing  gear  pod 

The  fuel  tanks  and  their  corresponding  vent  systems  are  protected 
against  fire  and  explosion  by  nitrogen  Inerting.  The  principle  of 
inerting  is  to  maintain  an  oxygen  concentration  In  the  fuel  tanks  and  vent 
lines  below  that  which  is  necessary  to  support  combustion.  Nitrogen, 
which  is  an  inert  gas,  is  used  to  replace  the  oxygen  in  both  the  fuel  and 
the  vapor  spaces  in  the  fuel  systme.  By  the  use  of  vent  valves  and 
nitrogen  regulators,  pressures  within  the  tanks  are  maintained  at  a slightly 
higher  pressure  than  outside  ambient  pressure  to  prevent  the  entry  of 
air  which  would  destroy  the  inert  atmosphere.  Nitrogen  is  stored 
onboard  the  aircraft  in  the  liquid  form  In  vessels  called  dewars.  The 
system  operates  automatically  at  all  times  with  or  without  electrical 
power  and  whether  the  aircraft  is  attended  or  unattended.  Testing 
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showed  the  oxygen  concentration  in  the  tanks  regained  well  below  the 
Sft  requirement  during  all  phases  of  flight. 

The  cargo  compartment,  the  avionics  and  guidance  bay  and  the  center 
wing  section  are  considered  manned  areas  and  are  protected  by  optical 
fire  detectors  and  bromotrifluoromethane  (Halon  1301)  extinguishing  agent. 
The  detectors  are  activated  by  the  infrared  in  the  flame  and  cause  fire 
warning  lights  to  light.  Halon  1301  is  a freon  agent  similar  to  the 
lialon  1201  agent  used  in  the  present  C-5  engine  and  APU  fire  fighting 
systems.  It  extinguishes  fires  by  chemical  reaction  and  is  relatively 
safe  to  use  in  inhabited  areas ! 

The  wing  and  pylon  leading  edges,  the  dry  bays,  the  PTU  compartments, 
the  wheel  wells  and  the  under  floor  areas  are  considered  unmanned  areas 
and  are  protected  by  thermal  fire  detectors,  sometimes  called  continuous 
sensors,  and  liquid  nitrogen  (LN2)  extinguishing  agent.  The  thermal 
detectors  sense  Increases  in  temperature  and  at  a predetermined  temperature 
will  cause  a warning  light  to  light.  LN£  is  not  as  efficient  an 
extinguisher  as  FE1301,  but  is  used  because  it  is  already  present  for  use 
in  the  inerting  system  and  does  not  significantly  increase  weight.  LN2 
extinguishes  fires  by  suffocation  and  is,  therefore,  dangerous  to  use  in 
inhabited  areas.  The  LN2  system  has  multi -discharge  capability,  whereas 
FE1301  only  has  one. 

FSS  fire  indicator  and  fire  fighting  control  panels  are  located  at 
the  flight  engineer's  station,  at  the  aft  loadmaster  panel  and  in  the  nose 
wheel  well  (MWW).  Each  panel  has  a switch  to  arm  the  system.  The  NIJW 
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panel  is  powered  from  the  battery  if  no  other  electrical  source  is  available. 
The  indicator  lights  are  an  integral  part  of  the  discharge  switch.  Fire 
warning  lights  are  also  present  on  the  pilot’s  and  the  flight  engineer's 
announciator  panels. 

The  manned  areas  are  separated  into  three  zones,  the  A&G  bay.,  the 
center  wing  area  and  the  cargo  compartment.  The  cargo  compartment  has 
17  halon  bottles  containing  70  pounds  of  FE1301  each,  the  center  wing  has 
two  70-pound  bottles  and  the  A&G  bay  has  one  10-pound  bottle.  A 
warning  light/discharge  switch  for  each  zone  is  located  on  both  the 
flight  engineer's  and  the  loadmaster's  panels.  The  N'.-A'  panel  has  one 
light/switch  which  will  indicate  a fire  in  any  one  of  the  three  zones  and 
discharge  all  20  bottles  when  depressed. 

The  unmanned  areas  are  separated  into  12  zones.  The  zones  are  as 
follows: 

1.  Left  wing  dry  bay.  No.  1 pylon  leading  edge,  wing  leading  edge 
between  No.  1 ar.d  2 pylons. 

2.  No.  2 pylon  leading  edge,  wing  leading  edge  between  No.  2 pylon 
and  the  fuselage,  and  left  wing  root  dry  bay. 

3.  Right  wing  root  dry  bay,  wing  leading  edge  between  the  fuselage 
and  No.  3 pylon,  and  No.  3 pylon  leading  edge. 

4.  Wing  leading  edge  between  No.  3 and  No.  4 pylons,  No.  4 pylon 
leading  edge  and  the  right  wing ‘dry  bay. 

b.  The  nose  wheel  well. 

6.  The  forward  underfloor  (forward  half  of  section  between  the 
main  gear  well  and  nose  gear  well). 
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7.  The  center  underfloor  (aft  half  of  section  between  the  rain  near 
well  and  nose  gear  well). 

8.  Left  main  well  wheel. 

9.  Right  main  well  wheel. 

10.  Aft  underfloor  (aft  of  main  gear  well). 

11.  Left  PTU  compartment. 

12.  Right  PTU  compartment. 

The  flight  engineer's  panel  has  a warning  light/discharge  switch  for 
each  zone. 

The  loadmaster's  panel  has  no  Indicators  or  switches  for  unmanned 
areas.  The  WWW  panel  has  one  indicator/switch  for  the  t wo  left  wing  zones, 
for  the  tv/o  right  wing  zones,  the  four  zones  forward  of  the  main  wheel  well, 
except  NWW  (forward  underfloor,  center  underfloor  and  both  PTU  compartments), 
and  for  the  aft  underfloor  zone.  . 

FE1301  will  extinguish  fires  at  concentrations  of  three  or  four 
percent;  however,  In  order  to  assure  complete  extinguishing,  the  specifica- 
tion requires  six  percent  concentration  in  the  entire  protected  area  within 
four  seconds.  The  cargo  compartment  was  the  only  manned  area  which  did 
not  meet  the  four  second  requirement  during  qualification  testing.  While 
most  of  the  volume  of  the  cargo  compartment  was  under  the  specified  tine, 
several  remote  areas  did  not  reach  six  percent  until  five  seconds  had 
elapsed.  Due  to  the  large  volume  of  the  cargo  compartment  and  the 
necessity  to  keep  the  Halon  containers  out  of  the  cargo  envelope,  this 
deviation  was  accepted.  The  specification  also  required,  with  exception  of 


the  avionics  bay,  that  the  six  percent  concentration  be  maintained  for  a 
i minimum  of  five  minutes  with  the  circulating  fans  off.  Halon  extinguishes 

fire  within  milliseconds  once  it  reaches  the  proper  concentration,  but  the 
five  minutes  allows  the  fire  area  to  cool  so  reignition  will  not  occur. 

The  cargo  compartment  and  the  center  wing  box  remained  within  acceptable 

levels  far  over  the  time  requirement.  The  ECS  compartment  v/as 

I 

sl'jhtly  below  the  requirement  and  the  aft  wing  spar  area  (flap  control 
area)  was  well  below  it,  approximately  26  second  average.  These  early 
J decreases  in  concentrations  were  due  to  the  necessity  to  vent  the  areas 

| to  the  cargo  compartment  to  equalize  pressures  in  case  of  a rapid 

i 

| decompression.  Since  blocking  of  the  vent  areas  could  not  be  safely 

jj  • accomplished,  the  deviations  were  accepted.  The  time  to  six  percent  in 

1 the  ECS  section  was  close  enough  to  the  time  requirement  that  proper 

; cooling  will  still  take  place.  The  aft  wing  spar  area  will  have  to  be 

monitored  with  hand  bottles  after  initial  extinguishing.  Also,  it  is  felt 
that  a fire  In  this  area  would  propagate  to  the  cargo  compartment  since  the 

combustible  In  this  area  would  be  hydraulic  fluid  from  the  flap  pack, 

which  would  run  into  the  cargo  deck  through  the  large  vents.  The  discharge 

of  Halon  in  the  cargo  area  as  well  as  in  the  center  wing  would  cause  the 
concentration  in  the  center  wing  to  remain  above  six  percent  for  the 
required  time. 

The  avionics  compartment  time  at  six  percent  requirement  was  specified 
as  ten  seconds.  This  Is  because  the  cooling  fan  In  the  compartment  recir- 
culates the  air  quite  rapidly.  Even  if  the  circuit  breaker  for  the  fan 
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Is  pulled,  an  overboard  valve  opens  which  vents  the  pressurized  compartment 
to  outside  ambient  pressure  which  creates  approximately  the  same  recircu- 
lation when  at  altitude.  This  area  also  needs  additional  monitoring  with 
an  A-20  fire  extinguisher  until  the  source  of  the  fire  has  been  found  and 
deactivated. 

Halon  1301  has  a toxic  effect  on  humans  at  high  concentrations.  For 
this  reason  a maximum  allowable  concentration  of  ten  percent  was  specified. 
In  order  to  stay  below  this  concentration  in  the  cargo  compartment  as  the 
volume  of  cargo  increases,  it  is  necessary  to  cut  several  bottles  out  of 
the  firing  circuit.  A volume  selector  switch  on  the  flight  engineer's 
panel  has  three  positions  on  It.  The  "Below  10,000  Cu  Ft"  position  fires 
all  17  bottles.  "The  10,000  to  20,000  Cu  Ft"  position  fires  13  bottles 
and  the  "Over  20,000  Cu  Ft"  position  fires  nine  bottles.  The  bottles 
that  are  not  fired  while  at  a higher  volume  selection  can  be  fired  at  a 
later  time,  if  necessary,  by  placing  the  selector  switch  on  "Under  10,000 
Cu  Ft"  and  depressing  the  discharge  switch  again. 

The  detectors  in  the  manned  areas  will  detect  all  visible  infrared  (IR) 

on  a 45  degree  angle  from  the  center  line  of  the  detector  (see  attached 

figures).  This  creates  a 90  degree  cone  of  vision  from  the  detector. 

The  detectors  are  installed  so  that  they  scan  the  largest  fire  susceptible 

areas  with  the  center  line  detection  as  much  as  possible  towzrd  the  most 

% 

likely  Ignition  sources.  Two  detectors  in  the  ECS  area  do  not  cover  areas 
behind  ducting,  but  flames  are  expected  to  appear  from  behind  the  ducting. 
One  detector  In  the  center  wing  box  will  detect  any  flame  where  combustibles 
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arc  liable  to  be  In  this  area.  Three  sensors  in  the  aft  center  wing 
spar  area  encompass  the  entire  hydraulic  control  section.  The  t.t G bay 
has  three  detectors  which  scan  all  electronic  equipment  and  are  especially 
effective  when  the  compartment  lights  are  off.  The  30  detectors  in  the 
cargo  compartment  are  located  on  the  ceiling*  11  on  the  right  side,  seven 
in  the  middle  and  12  on  the  left  side.  They  are  aimed  to  detect  fires 
between  cargo  and  the  fuselage  on  the  left  and  right  sides,  in  the  center 
between  cargo  pallets,  across  the  top  of  cargo,  and  the  entire  area 
when  no  cargo  is  onboard. 

Nitrogen  gas  must  reduce  oxygen  concentration  below  12  percent 
to  extinguish  fire. 

The  specification  requires  the  oxygen  concentration  be  below  10  percent 
within  10  seconds  of  discharge.  Testing  in  a simulated  wing  root  dry  bay 
and  an  aft  underfloor  section,  showed  that  fires  were  detected  within 
22  seconds  after  Ignition  and  extinguished  within  7.5  seconds  of  detection. 
(This  was  igniting  a four  square  foot  pan  of  JP-4  fuel).  NOTE:  When  a 
nitrogen  discharge  button  is  depressed  on  the  WWW  panel  LN2  discharges 
until  depleted  or  turned  off.  The  other  discharges  are  timed.  In  the 
unmanned  areas,  the  thermal  detector  wires,  which  are  20,  30,  and  43  feet 
in  length  are  located  to  best  measure  the  average  temperature  in  a 
protected  area  and  are  looped  back  through  areas  where  the  most  probable 
Ignition  sources  exist.  The  sensors  In  the  wing  areas  which  are  subjected 
to  solar  heating,  will  give  a fire  indication  at  an  average  temperature 
of  2556F.  The  entire  underfloor  area,  which  is  not  subject  to  solar 
heating,  triggers  at  160°F. 
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Areas  unprotected  by  FSS  and  rationale  for  no  coverane 

The  following  areas  are  not  protected  by  the  FSS: 

1.  The  empennage. 

2.  The  wing  flap  and  aileron  wells. 

3.  The  flight  deck,  including  crew  rest  and  courier  compartment. 

4.  The  troop  compartment. 

5.  The  main  landing  gear  pod  aft  of  the  wheel  wells,  between  the  APU 
compartments  and  the  pressure  vessel. 

6.  The  underfloor  compartments  to  the  left  and  right  of  the  nose 
wheel  well. 

7.  Radome. 

8.  Wing  tips. 

9.  Under  the  wing-to-fusclage  airings  and  under  the  lobe-to-lobe 
panels. 

10.  Wing  leading  edge  outboard  of  outboard  engines. 

The  empennage  has  an  extremely  large  volume  and  is  well  vented.  These 
factors  plus  the  cold  temperatures  encountered  in  flight  and  the  distant 
proximity  of  ignition  sources  to  flammable  fluids  make  the  possibility 
of  combustion  occurring, or  maintaining  combustion  if  combustion  does  occur, 
very  small.  The  same  factors  make  the  possibility  of  getting  enough 
extinguishing  agent  to  a fire  with  a fixed  system  even  smaller. 

The  wing  flap  and  aileron  wells  are  well  ventilated  and  have  a fairly 
large  volume.  Also  ignition  sources  are  few,  particularly  in  the  flap  well. 
This  area  is  also  cold  during  flight.  During  the  period  when  Ignition 
sources  are  most  likely  to  be  energized,  the  flaps  are  extended  which  negates 
any  protection  available.  The  flight  deck,  crew(test  area,  courier  compartment 
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and  troop  deck  arc  not  protected  for  several  reasons.  First,  areas  where 
combustion  can  occur  arc  accessible  with  A-20  hand  bottle.  The  majority 
of  ignition  sources,  except  for  the  flight  deck,  would  result  from  human  . 
action  and  should  be  quickly  detected  and  extinguished.  The  flight  deck 
is  usually  occupied  when  ignition  sources  are  present  and  fire  would  be 
quickly  detected  and  extinguished.  Another  reason  for  omission  of  fixed 
fire  fighting  in  these  areas  is  that  the  loud  noise  and  loss  of  visibility 
due  to  condensation  which  result  from  discharging  llalon  could  be  more  of 
a flight  hazard  than  a fire,  particularly  when  Inadvertently  discharged. 
The  aft  main  gear  pod  area  was  not  protected  because  the  possible  ignition 
sources  were  well  separated  from  the  possible  flammable  fluid  source.  The 
bleed  air  lines  in  this  area  have  overheat  detectors  to  Indicate  line 
failure.  The  APU  exhaust  pipes  con*  out  the  back  of  the  APU  compartments 
and  the  pressure  and  suction  hydraulic  lines  come  out  the  side.  The 
compartment  walls  separate  the  hydraulics  from  the  exhaust  gas  should 
the  exhaust  pipe'  fall. 

The  underfloor  areas  next  to  the  nose  wheel  well  were  not  protected 
due  to  its  Inaccessabillty  and  the  low  probability  of  the  existence  of 
conditions  necessary  for  combustion. 

The  radome  has  no  flammable  fluids  in  It. 

% 

The  wing  tips  are  well  ventilated  and  have  only  a small  possibility 
of  having  the  conditions  necessary  for  combustion. 
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The  wing  fairing  and  under  lobe  to  lobe  panel  areas  are  well  ventilated. 
The  possibility  of  getting  extinguishing  agent  to  a fire,  should  one  start, 
is  very  small.  Any  f1anniab1.<  fluid  would  run  ouw  of  the  area  rather 
swiftly.  This  with  the  ventilation,  greatly  decrease  the  chance  of 
combustion. 

The  wing  leading  edge  outboard  of  No.  1 and  No.  4 engines  has  no 
hydraulic  fluid  and  the  only  fuel  would  be  JP-4  leakage  through  the  front 
spar.  There  are  few  potential  ignition  sources. 

On  all  areas  that  were  not  protected  by  the  FSS,  the  decisions  not  to 
protect  them  were  based  on  weighing  the  probability  of  combustion  occurring 
against  the  ability  to  get  enough  agent  to  the  fire  to  extinguish  It,  the 
ability  to  install  the  fire  fighting  capability,  and  the  weight  Increase. 
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JCIRCIED  NUMBERS  IDENTIFY  EACH  ZONE! 
ZONE  11  6 12  ARE  IN  THE  FORWARD 
AREA  OF  THE  FTIT5 


NITROGEN  FIRE  SUPPRESSION  ZONES  AND  CONTROLS 
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